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RECEPTOR SPECIFIC BACTERIAL ADHESINS AND THEIR USE 
FIELD OF INVENTION 

The present invention pertains to naturally occurring bacte- 
rial adhesins and derivatives and variants hereof, having the 
5 ability to bind to pre -determined, specifically selected 
receptors, and to the use of such adhesins in the targeting 
of active compounds and microbial cells to locations compris- 
ing such selected receptors. 

This invention was supported in part by the US National 
10 institute of, Health (NIH) , under grant #DE 072 18, and the US 
Veterans Administration. The US government has certain rights 
in the invention. 



TECHNICAL BACKGROUND AND PRIOR ;ART 
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The ability to adhere or bind specifically to, and in many' 
instances, to colonize an animate or inanimate surface is of 
paramount importance in microbial ecology and pathogenesis 
Such specific receptor binding is provided by microbial 
adhesins which play a key role in bacterial/host and 
viral/host recognition and interaction and for the recogni- 
tion of any specific surface by a microorganism. 

Accordingly, adhesion of bacteria to host surfaces is common- 
ly regarded as an essential step enabling bacteria to become 
established as- members of the normal flora of host organisms 
or to cause an infection (refs. 7, i 8) . Bacterial lectins are 
the most common and most thoroughly studied type of adhesins 
among both gram negative and gram positive bacteria (ref 
40) . Evolutionary pressures have selected lectins for adhes- 
ive functions probably due to the abundance of glycoconjugat- 
es on animate and inanimate surfaces. One class of structures 
that a large range of gram-positive and gram-positive 
bacteria including Escherichia coli and other members of the 
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family ifcterobacteriaceae, have evolved r« a „K 
glycoproteins in a ! ■ adber * to host 

fibrils ^liisr^'ur^ ™ are ^ rface 

ation Factor Antigen (CPA) L ! ^ ^ ' C ° lo * i2 

S Antigen (CPA) t^Tn K * ^ 

ype II are specific examples of such fimbriae 

ZpTI ^T ~ ° f the -^rohacterial fimbriae is 
type 1, or mannose-specific (MS) . fimbriae {refs 12 • 13 v ^ 

23) . Type i fimbriae are h^Pr , ' 14 ' 

10 subunits (refs 28 4 !f * f tero P ol ^ e « of four different 
of a -ch fimbria, about 1000 copies 

ar^ol^^ 
a hollow axial core (ref ixf ^ ^ bounding 

PimP, PimG and PimH are also* ^ ** Ci11 ** «*-its, ' 

5 ~re, but cZr^oT^T^r 

.20, 24, 27, 32) ° f the fl mbrial mass (refs. 

^"c^ ^ect and 

' affected by other subunits (ref ■«? " Action may be . . 

wiail , but : the c :^tb" t r^"^ is 

antigenically and genetically am * conaerve ° 

interactions b^^^« <«f. D , , 

receptors have been snot L Si 1 C " M —— ---ins 
. key ro!e in the iufecti™. - stualea '° Play a 

. ^^InTtilt^'t inhibitl ° n « *~"on- 
-e ^Z^l-Z^^7^^ 
is in the form of an ext.** „ 6 Cype 1 a »e B in 

— of a -sacch^idTr f ictt:\iTr ndin9 to *• 

region within or close 5 " A h y dr ophobic 

«=ted in these scries ^JT^ ™ «~ 

found independently in :ndire" l Pattem - 
« "all as in direct Lh , adhesl °°-inhibition studies. 

" adheSi ° n "H. -neoglycolipids^ 
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siella pneumoniae type l adhesin was shown to be similar to 
the Sscnerichia coli adhesin, whereas the SalmoneLT^ 

s zzzz 1 :? sin combinin9 site appears - be -i^s 

5 devoid of a hydrophobic region (ref. 16) Th us , it hag ^ 
been thought that type 1 fimbriae of enterob, t eL^ere^ 
functionally quite similar, and that the primary essential 

TZ^TuL7 potential receptor was - ~ * 

terminal al -3 -linked mannosyl residues. 

> wello irth..- . immobilized on assay 

^ MD ' n0t " F0 ' ras essentially elimin- 

adhered in a m*nnose-sensitive fashion to non- g iycosylated 

tnf : s r r ents , o£ pn ^ c ° a synchetic 

puri ef £ l r t e h ° f F °SP1- Fimbriae . 

well cnLT 0rSaniSn,S aU ° b ° Una t0 Fn ^SPl. A 

£sr=srrsss-.i: r. r - 

type i fateM appeared Co ^ £uncclonally hecerogeneous _ ■ •• 
Several E. coll isolates obtained from hunan urine also 

ty^e filta" ° f 10101 ™- * thirt of 

SESEr" ^ also observed 

r^trr: :vr;rr" 3en3itiva a ^ in ° £ * 

™ i.a., to the EnteroJbacteriacrea^ Tt- -! » 
ently widely accepted that h™,- cce ^aceae. It is pres- 

r epted. that host receptors are strictly 
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^Tr c :r s 4 r ncaiain9 teminai — ^ 

an, gene ; : w I 4 ^ ■ . -W-o, Actional 

gene but rather a family of ^ J? 13 "* " ™ 

This une^ teTer ai Pr °: e d0nainS ^ ° £ saccharide. 

adhesion aS «^ ~*«* «* *W 

Ending o£ the r ol s * >° *"* mmM ^ the. under- 

ndhesij may pWin «^^» and other "bacterial 

.y Play in bacterial ecoiogy or pathogenesis. . . 

sir" • -~ : - 

Technology. — " he «in as Designer Adhesio 



SUMMARY OF THE INVENTION 
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Accordingly, the present invention relates l„ 
recombinant or mutant bacterial adhH! 

a naturally occurring adhesin S a« a* ^ ' ""^ £r °" 
altered binding properties ^ adhesin ^ant having 
ring adhesin <rom ^ ™y occur- 

PC3! Fimfl adhesin by at ! *" «" 

-t replicon «^T^ - • -ombi- 

. WA Se ^ence selected from the 
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group consisting of a sequence coding for a recombinant 
bacterial adhesin variant as defined above and a sequence 
coding for a FimH adhesin as also defined above. 

In a still further aspect, there is provided a fusion protein 
comprising an adhesin selected from the group consisting of a 
recombinant bacterial adhesin variant as defined above and a 
FimH adhesin as also defined above, and a heterologous 
polypeptide . 

The invention also pertains to a recombinant bacterial cell 
which expresses an adhesin selected from the group consisting 
of a recombinant bacterial adhesin variant as defined above 
and a FimH adhesin as defined above, and to a composition 
comprising a population of such cells. 

In one interesting aspect of the invention there is provided 
a method of isolating a bacterial cell expressing an adhesin 
having modified binding properties relative to a natively 
expressed adhesin, comprising identifying in the bacterial 
cell DNA sequence (s) coding for the binding domain (s, of said 
natively expressed adhesin and substituting at least one 
codon herein, whereby a modified adhesin molecule is 
expressed that is different in at least one amino acid from 
the adhesin expressed natively, and selecting a bacterial 
cell expressing the modified adhesin having an altered 

25 ^sT Phen0tyP6 ^ Mi ™ lY ™ Sed 

^.l T ther interestin 9 as Pe<* the invention relates to a 
method of preparing a recombinant bacterial cell that binds 
to a specific receptor moiety, comprising introducing into a 
bacterium that does not produce an adhesin binding to said 
receptor moiety, a DNA sequence coding for an adhesin binding 
to the receptor moiety, and selecting a bacterial cell ex- 
pressing the DNA sequence. 
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There is also provided * n**-u ^ ^ 

adhesin to a specific lo^t CarSStin9 * ba ° terial 

said location aTa^intt-' r^ 81 "* ^ "^ing in 
recognizable by bacterial al * TOiety » hich ^ 

bacterial cell that grows in , "elating a 

adhesin recognising and L^ractL " ~ e3 * re33eS " 
ty. and adMinlsterLg to th!T *** reCeptOT mois - 

the adhesin under ^ £ ^e r ia 1; ceH-' or ■ 

receptor moiety are brouoh,. • T " aad the 

- adhesin is -reby 



DETAILED DISCLOSURE ' OP THE : INVENTION 



« cules snch as polysaccharide ; JEST £ ^ 

Polypeptides and proteins K o JT ' 9lyCCproteins - 

: variety of gram-nngative and ■ ° ° rlSlnatln S ^rom a large 
=an be present on the ^ 'T'^ ' 
20 organelles such as TJZ * S ^ocents of 

these thrse teL be* ^ ^ ^ plli « «»riliae. ■ 

-n-fi^rial ^t^^'T^' ^ °* " 
ii»brial or piu adhir <re£ - • of 

3$ pm - ras « ^i p iTand'^rr-i 8 pui - M8 

pneumoniae, type 3 Dili- ^ » ^ A; ln ■ Ja «*wieZIa " 

Pi": in yersILa entice" Sc^fT^*' ^ ' ' 

p-^s: pfi6 Mtisen ^ M ^^^>.^.~i., -: 

Examples of non- fimbria, «oi « * 
JO adhesin function or which ! structures which have 

-rr - ~:„~ 
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thread TTT ^ aeeignat.s long 

thread-like bacterial surface organelles. Fimbriae are het - 
ropol^er, each consisting o£ ahout 1000 structural co^o- 

5 cases T ' " ' Si ° 9le Pr ° tein SPSCi «>- ■ - 

cases a few percent minor components are also present Adhes- 

rns can either he. identical to the major structural proctin 

as rn Escherichia coli K88 and CPA! «*ru. and type 4 

fimbriae of Pseudomonas, vibrio and Neisseria, or they may be 

present as minor components as in ooli type l and P 

nTt a i e or £ T 99 Tr WS «> --man 

and Taylor, 1994 ,ref. 60)= Kuehn et al., 1994 (ref. 63). 

■XLmm and Krogfelt, 1994 ,ref. 61„. m the latter case i e 
when ^ the a(JheB . m 

related xn am.no acid sequence to the major fimbrial compo- 
» sent, as used herein the term bacterial adhesin will a Z 
xnclude adhesins isolated from non-bacterial sources includ 
mg vxruses, and which are expressed in a bacterium 

in the following, the FimH adhesin of type 1 fimbriae will be 

™o7~i - — - 
r F o r~.~ es - -pto^^Tor . 

the FxmH adhesrn is assumed to bs shaped lite am elongated 

The finff gene encodes the- precursor P.mu ™* • * 

acids and Qlristiaa L, * ^ ^ -^ 300 a^no 

- is processed into a mature form of I no" d T 

IT^Ta IT™ ^ *' PC31 ™ ™* " ™o»n 

asterLs ^ 10W " hereln Fionas are indicated by 

asterrxes. the signal peptide is outlined in hold letters 
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T ™ gi ° nS contrlbut ^ to the binding site are under- 
lined (SEQ ID N0:1) . (It should bs noCed thac ^ 

pc£°2 "T" " 0t M PreViOUely indi — ^ 

Fi»H protein ras £irst publ . shed| an argin . M restdu _ 



PC31 P<mq nratetn 



DKPwPVMiyLTPVSSAGGJ/^KAGSLIAVLILRQTNNYNSDDFQFVWKiyAN^W 
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The PimH contains 4 cvateino r 0a -^ 

fo1r1 . cysteine residues assumed to direct 

residues in Fin* points ocallz «™° of the cysteine 

trai genes Purth!™ ■ arrangement of two antes- 

■midway point is iLtV ° °* "* PlM * protei - «» 

y point is located roughly around residue "n» <„ -v. 

mature protein. The two halve, n. h • 0 ln the 

evolve ,.<*.« two nalves or. domains of PimH have 

texuunal sector became ItTtT * MhereiS Che C ' 

for integration intTt, * th * m ° le0Uls re ^ ired 

^ing tl \ * "o Tl l^T T^' ' ^ 

or a structural. component. 

m^rt thnimH 0 : 6 " 10 " 13 into the •' i - 9 ~ 
o, trj : i r :::ran: s d rr ions in the c - c ™ 

±e generally do not interfere with the 
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receptor-binding ability whereas abolishment of receptor 

TT 3 T 1 ?* f ° UOK ' DS llnker iMer " 0n in <** --terminal 
is the role (Klemm et al.. unpublished data) . A similar 

5 fZri/Tr 6 bSen ° beerVSa in thS ~" <* »- 

(ret 53, ' 9ren " 1989 . <ref -- 59>; KU< *° * »»« 

in accordance with the invention, the recombinant bacterial 
adhesin as defined above is one which is derived from an 
0 nan ZT^ ""^ "»t which recombi- 

ttve to" th hM Sltered biniin 3 ™«"« rela- 

frZ t0 . C h he . naCUra11 ' adhesin (the parent adhesin, 

from which « is derived. As used herein this feature 

aTb™to SlCUati ° nS " here adheSin VariMt 

and binds to receptor moieties not being recognised by the 

■ parent adhesin irrespective of whether the „rth. 

has i™, n. , wnecner the adhesin variant 

has lost its normal ability to recognize and bind to -a cer- 
tarn receptor moiety or certain receptor moieties, or no" 

- As used herein the tern "binding, indicates that the adhesin 
hae a degree of affinity to the receptor moiety whi h 111 Z 

bindl 6 r ° U9ht int ° COMaCC here " ith ' « interact in a 
binding manner with this moiety whereby an adhesin-receptor 
more, association occurs. The strength of this binding 
depends on the type of binding force which causes the Inter- 

ionic interactions. Accordinalv th* k,™ „ 

as used hor.o<« *uingiy, the term "receptor moiety- 

inone specific embodiment, theadhesin variant is a Pima 
«n --sensitive adhesin normally binding to a recap^ 
selected from a domain where mannosyl residues are not ter- 
minal and a domain devoid of saccharide =n„ „ 

- saccharide and having an amino 

acid sequence which differs frnm fh. c amino 

outers from the E. cold PC31 FimH adhes- 
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^ amino sT aCid " Si<iUe ^"tutioa, including 

an amino acid sequence differing by at least 2 amino acids 

SsTf • * " 1SaSt 3 ^ aCldS ' ~~ P^-aMy by^ 
S acids ,T aCldS ' n ° St " refe ^ ^ a C least S amino 

c n 5 31111110 acids such as at least 

6, preferably by at least 7 m ™ * -Least 

^ y 1 J-east 7, more preferably by at least- a 
even more preferably by at least 9 ™* i 

l MQt - ,n ■ . Md ln P^ticular by at 

least 10 amino acid residues,, such as bv at 1^ „ 

0 acids including by at least is. * " ^ 

^^0? abOVe PimH adh ^ ^ * P-ferably at 
least 92 \ " 0rn °'° g0US t0 the ^31 FimH adhesin, such as at 
least 92% homologous, more preferably at least 93% 
homologous, even more preferably at least 94* 

1 most Preferably at least 95% h Z V homologous, 

least 96% homologous f / a ?r gOUS ' partiC ^ ^ : 

H „ , ■ ■ . oxo y° us ' e.g., at least 97% homologous in nar 
tiouarly interesting sediments, the adhesin J it "east 
98. homologous, including at least 99% h™,„, at least 

■. least . 99.5* homologous. 99% homologous such as at 

Theabove rimH adhesin variant can he a chimeric adhesin 
comprising amino acid sequences from . 

having identical or diffSen Ll, ^ 

airterent binding specificities. 

As it has been mentioned above tho nr PBe ^ • . 

oenBMTiu" ~r> — 1' —~ ^ve,..-cne- present invention ' is 1 

generally aimed at providing the means to design bacterial 
adhesins havina snpHf^ w y bacterial 

expressing toe lc b ^"g properties whereby bacteria 

isolated or purmed1or ian " " ^ *- 
fie desired Lr^e lecepTo r 'mo , ^ " '° 
-riant may in Vc^Tl^ Z' ^T^' ^ 
variant as defined above „hict biL7 " adhSSln 

moiety, such receptors incluS " animate receptor 

surfaces of hunaus Z aniLt T™ l0CateQ * ^ 
™ w animals, such as e.g. the mucosal 

rr: r a o i £ rrrrr r — ---- 

«ory and the geniLrZ^™ " ~ ato^ 
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adhesin variants that bind to outer surfaces, including the 
skin, of humans and animals. 

in a further embodiment, the adhesin variant is designed so 
as to acquire the ability to bind to a plant receptor moiety. 
Thxs aspect is of particular interest in relation to' deliber- 
ate release to out-door or in-door environments where plants 
are cultivated, of useful recombinant bacteria having a 
desirable effect on the growth and yield of the plants. 
Such desirable bacteria are e.g. bac teria expressing a pesti- 
cxdally active substance, i.e. a biopesticide including as 
examples pesticidal toxins produced naturally by Bacillus spp 
such as the Bacillus thuringiensis (Bt) toxin. In this con- 
text, another example is bacteria which protect plants 
against low temperature damages or bacteria which express' 
gene products protecting plants against detrimental effects " 
or Herbicides. 



By providing such bacteria with genes expressing adhesin 
varrants „hich..e. s ..bind specifically to certain plant spe- 

20 Zl CerCain l0C " i0nS ° n thS P lant - ^ese useful 

ro^ T ' WhEn •» the plant growing envi- 

rons, be selectively associated with the target plant 

beT 3 "k/ SPeC " iC tar9St " ea ° f « e V 1 ™- " o^y thus 
be durable to have these useful bacteria administered ■ to 

Accordingly, the present invention encompasses adhesin vari- 
ants as defined herein which bind selectively or specifically 
to a Phyuoplane receptor moiety or which biL to re Z e " 

30 whicT Stollarly ' adh6eln -^nts can be provided 

30 whxch are targeted to the stem or the flowers of the plants. 

As it is mentioned above, bacterial adhesins include adhesins 

ha-ng an xnherent capability to bind or interact with inani 
mats surfacea carrying receptor mo . et . ea . 

adhesm can interact to become bound to the surfaces, it is 
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known that certain bacterial adhesins can bind to inanimate 
surfaces including as examples glass, hydroxyapatite (a tooth 
enamel model compound) or polymer structures including plas- 
tics and polysilicates. The present invention has made it 
5 possible to design bacteria which bind selectively to any 
inanimate surface which carries a receptor moiety for which 
an adhesin variant binding thereto may be constructed. Accor- 
dingly, the present invention also provides an adhesin vari- 
.ant as defined herein which binds to an inanimate receptor 
10 moiety. Such adhesin variants are particularly interesting in 
connection with the concept of bioremediation, i.e. a tech- 
nology designed to enhance degradation of chemical pollutants 
« the environment. It is. clearly a significant improvement 
of- this technology to have at hand bacteria which comprise 
15 genes coding for pollutant -degrading gene products and which 
also express adhesins targeting the bacteria selectively to 
the environment where the pollutants are present, e.g soil 

aquatic environments and drinking water supply systems 
Furthermore, adhesin variants capable of binding to tooth 
20 enamel. are useful in. the protection of teeth- against caries.: 

in a further embodiment, there "is in accordance with the 
invention provided an adhesin variant which is part of a 
fusion protein comprising the adhesin variant and a non- ' 
adhesm, heterologous polypeptide. Using the FimH as an 
25 : _it .has _be_en found that fusions between ..a. bacterial 

adhesin and other proteins can be made whereby the resulting 
fusion proteins are inserted into the cell surface organelle 
of which the adhesin is a structural part. These resulting 
hybrid adhesin- carrying cell organelles remain fully func- 
10 tional with respect to binding properties. Additionally, it 
has been found that large regions of non-adhesin proteins, 
e.g regions comprising in the range of i to 100 amino acids 
including a range of 5 to 75 amino acids and a range of 10 to 
■ 60 amino acids, such as regions comprising is to 54 amino 
acids, can be inserted into type 1 fimbriae without impairing 
the binding properties of. the fimbriae. 
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in useful embodiments of the invention, the non-adhesin 
region of a fusion protein comprising an adhesin variant as 
defxned herein include a heterologous polypeptide which is 
selected from an epitope, an en 2 yme, a toxic gene product and 
5 an antibody. 

It ha, significantly been found that, when fusion proteins 
are expressed in which the heterologous polypeptide is an ■ 
epatope or an epitope -carrying domain forming an integrated 

> 171, H thS £UBi ° n Pr ° tein ' Md thUS ^d on Che surface 

) of the host cell expressing the fusion protein, the epitope- 

carryrng polypeptide can be presented in a conformational 

form similar to its natural conformation. 

Furthermore, it has surprisingly been found that the above 

irr h P T 6inS 03,1 * «*• ^teria comprise 

xng hybrrd genes coding for fusion proteins, resulting in 
excretron of the fusion proteins to the growth medium in 
large quantities. Accordingly, the excreted fusion proteins 
are. then_readily. isolated and purified, e.g. by means of 
affinity chromatography. These findings provide the means to 
manufacture bacterial cells having on their surface hybrid '. 
adhesxn-carrying cell organelles as well as to produce large 

tTetlrt ° £ eXCreCed £U3i0n Pr0tein3 ' b ° th ° £ =an be 

targeted to specrfic surfaces as determined by the binding 

property of the adhesin variant of the fusion protein. 
The above technology of making adhesin variant -fusion pro- 

lar 5ST t 0f liVe ~ « ^«*c cellu- 

(ii) development of subunit vaccines for administration 

s°p r ec Lean 67 'I"" 0 "' " hlCh "* tarSeCed " P-^«ermined, 
spec 1(l cally selected cell surfaces or mucosal surfaces- 



WO 95/20657 

PCT/DK95/00M2 

14 

Uii) development of £ueion protelnfl g f 

o al ! ■ " ° Pr ° teinS have plications as therapeuti 

5 lilr e h 0f . fUSi ° nPr0CeinS 35 non-covalently 
Unked chemrcal moieties whereby the adhesin part of the 
protean is us < d to tar3et che c 

locations and the non-adhesin part carries aL ^ f 
the moietv when t-h« * • carries and then releases 

include amaging of atherosclerotic plagues or tumor , 

and deliverv of „v,„ • , ^ 4 es or tumor tissues, 

?? on ^^r^^^^ * « . 

tissues or tissue components;. "cludrng specific 

M development of fusion proteins which are useful in 
ity purification processes,: 

ao pL^L £ ^V be i^ ^ «- - coii 

senes. and according it^ ^ ^ 3 « ««* 

allelic variant^ c^iT^ SfE? 

fiinff gene product differ bv a « .,--.0 



10 



-ving an 1" acid eel W " 3 

PC31 PimH lunesin as deTT ^ the *• «" 

least one J^.*^ f ^titution of at 

adhesin ehcompasses natural y 7^2^ °T 

adhesins which are encoded hi ! 9 adheslns as as 

senes. in this context th! J* reC °* lnant ° r ™tant r JroH 
context the term "fimff gene . denotes 
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coding for a gene product whioh can be integrated into a type 
1 fimbria and which confers to the fimbria the ability to 
recognize and bind to a receptor. 

The FimH adhesin as defined above may be an adhesin having 
5 its inherent binding propertiee or an adhesin variant which 
in relation to an adhesin encoded by a naturally occurring 
gene from which the gene coding for the adhesin variant is 

F^als" 38 alt T bindlDS Pr °^" ies - ^rmore. the 
Finn adhesin nay be either mannose-sensitive or mannose- 

insensicive. The term -mannose-sensitive. is used herein to 
desag^ te tha , che bindlng q£ ^ ^ » to 

IZ Xs ~ S reSldUeS - In ODS 8PeCiEiC —1-t. 
~ 3 ^ adheSin no ™ a11 ^ bi ^ing to a 

receptor moiety selected from a domain where mannosyl resi- 

a e fVi "* * ^ ^ ° £ ««*^*. 3«ch 

as e.g. a glycoUpid. a glycoprotein, a protein, a 

polypeptide and a peptide, including a hormone. Examples of 

proteins to which, a FimH adhesin according to the^rLnt 

o rr^:~ y ***** - ^ ~ ' 

albl! ! 3 "" CaSeln ' 3 9SlaCine ' * an 

albumen and a collage*, and vegetabie proteins including soy ' 

The FimH adhesin according to the invention include an adhes- 

such If. ^ ty " leMt * "«» 

such as an amino acid sequence differing by at least i *L- 
acids, preferably bv at l. a = h / , 3 amino 

by at least 5 a»L ' 4 amin ° acids ' more Preferably 

oy at least S amino acids, moat preferably by at least 6 

Tin la £U " her U8elUl — "be amin acid 

at^:::: rjr i" er * "° re than 6 ^ »* « 

least r P rably by M l6Mt "' -re preferably bv at 
least 9. even more preferably by at least 10 and in particu 
ar by at least U amino acid residues, such as b ™ 
12 amino acids including by at least is. 
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^ ^ Preferably at least 

hlfr t0 ^ *° 1 ^ a<fteein ' 8 "<* - at least 92* 

homdogous, more preferably at leaet 93% homologous even 
more preferably at lea=f on. u , «s°us, even 

5 least 95* ho^V " homologous, most preferably at 

least 95* homologous, and in particular at least 96* 

ileretinc f ^ •»*■«*■-. m particularly 
hlT f>° 4l ">e«s. the adhesin is at least 98* 

homologous, including at least oo* h™o 

99.5* homologous. - homologous or at least 

humaTpiir-f^r,^ r in i to yeast ~ «■ 

synthetic peptide Snl, • ^ t f t ^ 1 F " ** «*• 

of Fn omv r f * COmprisln 9 "e first 30 amino acids 

above compounds, binds to > and- Fh (MF class FimH adliesin) 
or an adhesin which among these compounds bind to all of 
these (mfp class FimH adhesin) - nn to all of . . 

to polyoxyethvl.™ k ^ose-sensitive (MS) manner 

little ^ ,? iCM nveen 20) and a 

idheeL Le a muTr' "» Pi ™ 

sing otnerlypeaTadhe"! PSlUCl6 ™ : 

forms at the air /n m ,,^ , ' ° f bacter i* that 

=eue whiLr™ nr:r::; : uch as * 

a pollutant-degrading gene "roduct. P lnVeOC1 ° a ™ 
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Another interesting finding is that bacteria expressing a MFP 
class adhesins bind to hydroxyapatite to a higher degree than 
do bacteria expressing a M class adhesin. Hydroxyapatite 
especially saliva-treated hydroxyapatite is i. a. used as'a 
model for tooth enamel, and accordingly, this finding indi- 
cates that bacteria expressing MFP class adhesins are par- 
ticularly useful in bacterial compositions intended for 
colonization of teeth. 

It has also been found that the MFP class adhesins bind to a 
large range of synthetic peptides and accordingly seem to 
have a broad specificity in terms of amino acid motifs. 

In further specific embodiments of the invention, the FimH 
adhesin is an adhesin which, when tested for binding to the 
five Fn- fragments obtained by thermolysin treatment as it is" 
described in reference No. 51, only binds to the 40-kDa 
gelatin-binding fragment or which binds to all of these Fn- 
fragments, or to none of these. 

in addition to the above classes of FimH adhesins, another 
class has been identified which is designated the M L (low 
adhesive) class. Such an adhesin confers the ability to 
aggregate yeast cells in a mannose- sensitive (MS) fashion, in 
titers similar to M class adhesins, but surprisingly, it 
binds at only low levels to Mn or Fn and FnSpl. Furthermore, 
adhesins of this low adhesive rf- class adhere poorly to MDCK 
buccal cells and erythrocytes as compared with M class adhes- 
ins. Example of a M 1, class adhesin is one expressed by the 
recombinant E. call strain KB 23 which differs only from the 
PC31 FimH adhesin by having an alanine instead of a valine at 
residue 27 and the FimH adhesin expressed by the human fecal 
f: C011 iSOlate Which - is designated F-18 [McCormick et al. 
1989 (ref. 34)]. This latter adhesin differs from the PC31 
FimH in three amino acid residues and the F-18 isolate has 
been found to colonize the large intestine to a higher degree 
than certain E. coli K-12 strains do. Accordingly, it is 
contemplated that these M L class adhesins confer to 
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gastroint stinal bacteria the ability to colonize the^large 
intestine which is significant for a live bacterial vaccine 
for exerting its immunological, effect- in the gastrointestinal 
tract. 

5 Furthermore, it has been found that among M class adhesins 
adhesxon is found that is not sensitive to inhibition by D- 
mannose. Such a mannose- insensitive (or mannose- resistant) M 
- class adhesin is designated in the following as an M R adhes- 

- in. one example of a bacterial strain expressing an M* adhes- 
in xs the clinical isolate 0221-3 which is mentioned in the 
following. , > 

in accordance with the invention, a PimH adhesin as defined 
above can be a chimeric adhesin comprising amino acid 

. s !^ ce ^ Ghimeras are : _ : 

15 constructed e.g. by providing multiple restriction fragments 
of a f^H gene , f ollowed by exchanging . under ligation cond ._ 

tions these fragments with corresponding fragments of an " 
other, famtf.gene and cloning the ligation product as it is" 
described in Example 1 below.. As it is also explained below, 
l ° --^-nt .plasmids containing such chimeric W genes can 

be transformed into a host cell and trS««,V„ . 

, t c cej " L and transformants tested for 

adhesrve phenotype, allowing detection of the regions of 
each gene capable of conferring functional activity Pig ' s, 

,™ Se9uence chan3es relactve to ch * rai tim . 

gene hat affected binding function in the studied strains of 

reel; , D221 " 3 ' "^"ively, occurred between 

residues 27 and U9. both included, of the 279 residue. 
5 mature fimff sequences. 

P^ rd l n9ly ' ^ inVenti ° n *» cue e^odiment a 

fro! tf T C ! mPriSiDS M -id sequence which differs 

from the E. coU PC31 Fim* adhesin by at least one amino acid 
occurring between, residues 27 and 119 of the mature PimH 
sequence, including a PimH adhesin comprising an amino acid 
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sequence which differs fro* the B. coif PC31 PimH adhesin by 
at least one amino acid occurring between residues 33 and 78 
of the mature FimH sequence. 

The selected potential receptors for a Pimfl adhesin as . 
defined above include those animate and inanimate receptors 
mentioned above for a recombinant bacterial adhesin variant 

as thlV USeS ° £ ^ adheSiM a « al *° ^e same 

as those uses described above for this recombinant bacterial 
adhesin variant. ^t-iax 

3 To TITT " Kn - lnVenti ° n relates in a <~ -pact 
to a « COBb t ,. replleon conpr . a . ng a s£ P 

'. "r™' ^ adhesin variant as defined herein 

herein . T" C °" in9 * atUlMin as al *° ' 

herein, such a replicon is suitably selected from a chromo- 

i Twrted meDNA inClUdM a "~ "** 

insertion b C ~ ional "combination techniques such as 
insertron by means of restriction enzymes and subsequent ^ 
XlSatxon. or the DHft seguence . ls provided . by ^ , 

^ r . a naturally occurring sequen e coding for 

an adhesin to a mutagenization procedure including site- 
directed mutagenesis, insertion of a transposable element 

"lin? 10 ? 7 r iati ° n ° r ChemtCal -ageniL t oT 
followed by selection of cells comprising a mutated sequence 
conferring altered binding properties relative to a ceU 
comprising the wild-type sequence. 

in preferred embodiments, the recombinant replicon is one 

^allv?^." 0 " l ™- laClUdiD9 ba «« ia ' aPeci I 
turally occurring in soil, in aquatic environments, on inner 

patible with replicons occurring in potential host strains. 

in one useful embodiment, the recombinant replicon as defined 

in having an amino acid sequence which differs from the B 
«a PC31 Pirn* adhesin by at least one amino acid, including 
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5 ski* - — • -° ^:c™^ at 

least 9 0t ^ZZM ^l IT adheSin B " l0b iS " 

more preferably at least 94* hL , homologous, even 

. least 95* homoLgous L i" h0m0l ° 90US - m ° SC Preferably at 

interesting e^o^nts the.^ 0 ' * P**"*" 1 ^ 

' yh u„ , "uiments, the adhesin is at least 90t 

20 homologous, including at least 99% h™„, " 
least 99,5% homologous.' "omologous such as at 

^^T^ tfe — arises a DKfl 

25 can also be one which coJ ?6nes « replicon 

sequence V 9 " 8 *" 3 yeS3t - 11118 f ~ 

including »'£ ~ he ""^<- wWid.. 

degrading gene product, ? ^ * 

-case species, including a J^-. 
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from E. coll, a Klebsiella sp., an *nterabaccer sp., a 
rers.mia sp. or a Salmonella- sp. 

In addition to being a DNA sequence as defined above, the 
sequence can be a synthetic sequence constructed by conven- 
5 tional techniques of DNA synthesis. 

As it is also mentioned above, the present invention 
encodes a fusion protein comprising a recombinant bacte- 

a hete^ **** " ' " defin * a and 

D emoo, 090,18 P ° lyPeptlde - S «* • Polypeptide is in useful 
0 embodiments an immunologically active gene product i e an 

epitope (antigenic determinant, from a pathogenic organism S 

oT: a p :^r tlde ' when administered - the ^ « « ^ 

or an animal „ capable of stimulating the formation of 
antibodies therein. A cell in which such an epitope is 
pressed is advantageously utili.ed in the preparation of 

^IT 01063 - SUCh VaCCineS advantages over 

known live vaccines: 

which 1 !; Z TT BS toam a strJcturai part ° £ - 

which is embedded in a surface organelle of the vaccine 

ce is. This implies that the hybrid DNA sequence col ng for 

the epitope further comprises the means for transporting the 

i ^nst" r reSSed ' " ° UCer S ™ ° £ ^ «" 
i.e. translocating it through the cell membrane. This is 

immunologically highly advantageous, since the epUope will 

be brought more closely in contact with inrn.nologically 

competent cells of the body to which the fusion proteil 

expressing vaccine cells are administered. 

Secondly, the adhesin part of the epitope-carrying fusion 
pro em can be selected so as to have specific binding prop- 
er ,e S „ h ereby the vaccine cell may be targeted to a particu- 
lar location in the body where an illogical response to 

n S cell T 15 dSSlrable - ^ adheSi °" ° ' epitope- arm- 
ing cell co a particular location or region of the body wUl 
in this manner ensure that the ceil is retained in the human 
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or animal body in that particular location for a period of 
time which is sufficient to obtaln the desired Wn e 
response. ™ c 

^ in accordance with the invention, a useful cell for expres 

fU3l ° n Pr ° tein 1S '*» -lecte, froH 
Z > Pe " eS WhiCh inh ^«y contains „ adhesin-carry- 
mg aurface organelle. Such species include as examoll 
negati ve species of Sntero^cteriaceae such a Ho ' ^ 

^ us spp, Sordetella spp and Pseudomonadaceae and 
^-poartive- species such as Neisseria spp and ^occus 

The epitope part of a fusion protein according to the inve„ 
eucaryotic organise such as fungi. y east or protozoa. 

ein 6 SUrfaCe Relies comprising the fusion pro- 

tein, including fimbriae anHnin " on pro 

ai«o , «»oriae and pili, as a vaccine, and it is • 

in cells expressing an e^ ^ ^ P rovid ^>here- 

been killedT epitope- carrying fusion protein have 

- tZt \ ^ conventional methods such as . formaldehyde 
treatment or thermal treatment. rmaiaenyde . 

In a further embodiment: of ■ 

::i™L to the ^ S^*ar ... . 

cancer cells. B y selecUng th T ?" *** M ^ 

specific binding afflni" to ° ^ " ™ ^ * 

possible to have cells e l *" *** CSUS 16 " 

bound aelectivelv to sucTt 9 ^ ^ Pr ° dU « 

aly to such target cells whereby these cells 
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^ 01 dama9ed bY tne co * ic 9ene » is 

also possible to use isolated or purified cell organelles 
gaining a fusion protein comprising the cell tLc 
(cytotoxic) gene product for the purpose of targeting the 
• toxic product. 33 cne 



in a further interesting embodiment, the fusion protein 
T" " anCib0d ^ Su <* » -bodiment is. inter alia 
parcrcularly interesting with respect to the provision of 
fusaon proteins which may be used in affinity purification „ 

z °:ri c r ounds havin9 -"-^r:: e 

expressino . °° Pr9teiD - " iS .«*t cells 

express.ng as part of a surface organelle, such a fusion 
protein may be utilized directly as a m «„„ , 
a biol^V^., "ectiy as a means of concentrating 

a niological compound, or the „ « a 

U comprising the antibody- carrvin! f organelles 
for this purpose. ' ^ pr ° tein W * used 

'ITSS'oT £USl0 ° Pr ° telnS M de£ine ° nerein - -eful 

0 poun!s with the 7' dla9D03CiCally — i-Sing com- 

oarr^ Lr he actir::! 0 ' ^ « 

le to p!rtil a r CO,nPOUndS ' " hich th «eby become targetab- 
le particular regxons or locations of a body to which 
these cells or cell organelles are administer J. L^en- 

5 defineTh? MSeS ^ COmbinaCi ° n « * £uSi °» as 

binant bacterial adL* ex P resses » ^corn- 

above 7 Varittt ° r a FimH adhesin as defined 

above. In one specific embodiment, the bacterial «,n 1 
which comprises the above - defined rrlZ I ^ 
Depending on the field «f , recombinant replicon. 

9ra cne fle * d of application of such a cell ^ m , 
e.g. be selected from a soil bacterium., an a^t It bac Z 
a bacterium which is normally associated with plants a 
»acte ri um which is memher of the human or animal ind gLus 
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' ^«aS a L? ra ' f 3 b " 0terlU " WhiC " 1S «W '° colonise 
certain ecology niches such as e.g. sewage purification 
planes or certain inanimate surfaces. 

». major significant, advantages which have been achieved by 
nant P L e c S te t 1 l r ,,ti0n ^ *» provide reccmbi" 

adlea to ° ""^ " 0t °^ "Really well- 

adapted to grow m a, particular ecological environment, but 

ST Pr T 63 " lth ^ing more pet^- 
nently m their ecologically natural environment. These means 
0 . for proved ability, to colonize an environment are the 

struck T eS8ed ^ teCterU " hich have «~» ~n- 

bac^al T " eleCted S ° M C ° Snable recombinant 
bacterial cell to adhere to or bind to specific receptors in 
. the environment, i.e. the bacterial cells are targeted to 
» that ^environment. Thereby the. bacteria according to the • 
present invention will have an ecologically competit ve 

^ t0 the particulL environment 

binoLo t —face structures comprising adhesins 

preceptors, present in the environment, at least not 

invent ^ 35 «li, accoraing to the . 

^cte'rLTL" enVlr0nment -^"c -dhesins' which the 
Till , , messes, the eel! will have a phenotype 

-^^^ 

' which'if * "Wl to the invention 

which is ongmally isolated free the human or animal indi 3 e- 
nous bacterial flora may typically be one which e^esses fn 
epitope including an epitope which is part of a f Zion pro" 
tein expressed by the bacterial cell. As another exa^lfmay 
be mentioned a bacterial r.«n . «=«uupxe may 

and whfPh . cac,:erial cell whxch is isolated from a plant 
and which expresses a ne^n^-s^n . . 

Bacil7„ s JZ^ ? P^txcidally active compound such as a 

Plant 1^ " C0Xin - * atbmr ex*** 1 ** Include, 

trefoil aB T lated . »**«W»-«l-tl»» bacterium isolated 

wi" ^ "l 1Ch " aC ° 0rdanCe " iCh i-ention is provided 
with adhesins improving the capability of the bacterium to 
become permanently coionizeo to the roots of a specif" pLt 
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llZ:Z\T^\ZT c ^ m which is 

taining poUutl" ITTl ~ f^" 1 * 1 »t con- 

» poiiucancs to be degraded or removed. 

Accordingly, the recombinant bacteria! ceil can be derived 
« fro, anv gram-negative or gram-positive bacterium fo Z 1 a 
need exxsts to obtain improved colonization in a particular 
rnanrmate or animate environment. Such bacteria ZTT 

iJieaenc recombinant bactPHai 
one which, when it i„ ■ . ° aCCerial cel1 13 Provided as 

wnen it is administered to a Dart-i™ , 
or environment, will not persist in L- ^ 
15 ingly, such a *cc-l^ , S^^^■ 6n ™-^ ^cord- 
a gene coding for a oen! * fUrther Com P rise 

killing or cell f J c r r " WMCh ' * 
"a or ceil function-limiting effect i n Qa ^ 

function-liaiting gene orod,,^ „ ° 3 ° r CeU 

2 0 manner that the Lc^ial eel TZ'^^ *" ^ 3 

specific location „iu £ " J" ^< r^TT" * 3 
-^--determined manner. The ZTJZT" ' 

25 stochastic event Vh. 9r ° Up cons ^t:ing of a 

pressed Fi„* JLSTTJtl^-T " ' 
comprises id6ntifying J^he \ » method 
coding for the binding domains, ll ti/ , *^™^ 
adhesin and substitution IT, """.ly expressed 

5 modified adhesin molecuL L °" ^ T ' 

molecule is expressed that is different in 
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at leasc on a amino acid from the ad)». ( 

and selecting a bacterial cell Ln~! "•*—«« -""aly. 
in having ^ alterea " .° e " p «" u «. «*• Rifled adhes- 

-ivei, ^jt!r^ — - - • 

5 ^UiSfeS by detaUS belW ' the —i* can 

Sanes and scre^ngtr ^iT"^ "^-encod^ 
adhesin gene repaid 1 " - BhWh J * tev±n * *■ "gion in tie 
°* a different ^ segu Tnce POndiD9 bSt *™°3°™ region 

• pnenotype. Having ilZlfZ TT " "V"*** 

- Pheno ^- -V ne obtained by si ^7 
in the binding domainCs, to ob^ . °°* " COd ° nS 
adhesins and selecting eel,. ! CaM eXpres3i ° n <* recombinant 

». *• substitution o Arable phenotypes. 
Parse such as either T •""^ by ~ 

•V °r by conventional radiat^ T alements 

radiation or chemical mutagenization. 

- IZZtrZT^^ ^ »™ «*"«- -eludes . . 
aahesin. e.g" . ^•^".T^ * ^ =^-d W ith the . 
adhesin is oar- ^ I ...J " ^ COdin ? £ °r the 

recombinant 

recombinant adhesin as part of \ T ex P^ssed with the 

" 25 the adhesin; Furthermore ^"""^WiHir c^rising" " 
the ahove m^^^^'J^^ — -suiting Lm 
covaxently hound J^TT" > ^ 

in when expressed. associated with the adhes- 

As mentioned above t-h* 4- . 
3« nant bacterial 

whereby cells with desirabf. ^ ° 9 Properties 

"ants where the presence of bacte'LT ^ ™~ *-iron- 
Phenotype is advantageous Accordi , 9 " Particul *r 
aspect of the invention provtdeT ' *" ln a £u " h « 

» rec^inant bacterial ceU tL r \ ° £ PreP " in9 3 

«11 that binds to a specific receptor 
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moiety, comprising introducing into a bacterium that does not 
produce an adhesin binding to said receptor moiety, a DKa ' 

Z£L 5 a baccerial cel1 ^ ressin9 «- « 
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of constructing a bacteria! strain having the capacity to 

an Inter 1 " Wlr — tt ' ***** °" » P«-t strain which has 
an inherent, useful phenotype in this particular environment 
0 but which does not express an adhesin binding to r e ™ 

™Irst n T T ZOmSnt - -hod includes 

- « first step the isolation of an environmentally adapted 
bacterium not binding to appropriate receptor moieties and in 
subse^ent steps., the identification of heterologous genes 

' irs°aId nS e aaheSinS BhiCh " re0SPt0r occurring 

in said environment, oreferahiv • . 

ly ieolati™, ^- Pre£erabl 5' "series occurring abundant - 

Zrll T 36,16 "* ln "« I '"=i»3 it into the above 

a natl r 1 "' adDeSin ta * Sene coding for 

^ a recount iS^^T^" 
embod^ts. the ^ ^ ^ ^ th« 

wherein a non-adheein compound is associated with the adnes- 

nvbr , ^ lntr ° duCin ' tte 9— coding for an adhesin as a 

adtel 9 !!, 00 ? 9 ' " * ■"-»-— ^ypeptiae whereby ^, 
adhesin compound is expressed with the adhesin as part of a 

covare n nci° Cein C0 * riSln3 ~ * 4 - - 

covalently a compound to the adhesin when expressed 

havi""!^ 116 ^^ me ' h0d ' »■•*«*» oarrying bacterial cell 
having an altered pattern of adhesion can be provided bv 
using a selection procedure comprising con^ZT^ro. 
priately sised population of wild-type adhesin- carrying 
bacterial cells w ich . ^ receptor * J 
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wild- type cells do not adhere e a i„ 

disclosed in Exarnol e \ manner as it is 

ly -tated cel^ vi l ! l0W Whereby ^-eoualy 
receptor ^ - adhere to t he 

*™ such an -UT^S^^ 7— 
-lity can readily be isolated and^^^ 

As it has been explained in detail «= a ^ 

* " ~t invention is pt^eTL^ * 3 "" 
targeting a conpound to . specific W WOf - 

invention relates in an (m lo «tion. Accordingly, the 

targeting an adnes n " ^TllT" " * ^ « ' 
the identification in tj, ^ ^ """""a prises 

-iety pref eranlT.1" 1 ° C "T °* 3 W* 

Particular locatL~ ^ Z^ST** * ~ 
5 with an adhesin and ,-h. ■ , recognize and interact • 

capaole of gro^ t the l^T- * 
adhesin which recognize" ana " 

receptor mo iety. an^aolntte" ^ • 

an:isolated : form to that location 9 " ^ /*»■ . 

' The identification of a suiter-' 

Ocular location can he oT^ ^ * ^ 

example is a screenina n * * °ne 

ci screening procedure wherp nnn. 
adhesins or known isolate .„,. • expressing known 

location e.g. Znl ^T, a^istered to the 

- an^rorpfanfi;!:* 

»erein, anf e^niTf " T " de "- 4 

adhesins e V 112 ? ""^/adhesion of the tested 

herein xf ^LHr " ^^ "^ as disclosed 

indication St^iS'^^' ' 

adhesin.s,. is/are Present "the Llttl. ^ ^ 

Alternatively, available data w-iM, 

-ounts of chanical »K,ieti« " "* 
location .ay be collected T \ SUr£aCes 0£ «» 

and haeed upon such data aahe *** ^ " * 

one or .ore of the identzfi? *™ *"» » bi "d to 

identzfaed TO:or „ 0lecie3 are 




35 



WO 95/20657 

PCT/DK95/00042 
29 

their finding to this/these structured is tested e g 
eccordxng to the assays as used herein. Chemical moieties 
^ are considered potential adhesin-interacting rector 
moieties delude as exampies sWpid8 , glycoprotein 
S proteins, polypeptides, saccharide moieties and pep t ia es . 

codons as it is explain.* h replacing one or more 

nrrnH* „ / explained herein, and/or such a library 
provided by constructing synthetic • , iiora ry 

. syncnetic adhesm molecules and 

towards a given rece ^ n , * selected for specificity 

trough a ^^^7 «*«~ 

SUS^^rST" o £ the invention that crystal- 
» or constructed as i^-' """^ occurring 
. the obtai^nl of inforT, ^ * * ""^ teCtai ** '« 
assumingirwm rec! T " *"* adheSin """ores that 
^ ^ ""^ " ith 

ue Wfle?ein the isolated bacterial r.=n 
an adhesin havincr m .^ fJ ^ oactenal cell expresses 

-stive J^ZZ^^^Z^^' Gerties 
isolation of th«, ™„ '"^^ expressed by the cell, the 
bacterial cell d^" C ° mprisi ^ "-tifying m . parent 

domain s ot s'^lTl^ 3 ' ^ ^ "» 

said natrvely expressed adhesin and substituting 
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acid from the adheeiTe^ M M ^st one amino 

* altered adhesion^e't^tla^ ^ * 

adhesin p or ^r^r"" 17 ^ ressea 

expressing an adhesin t-w ° tlK bacterial cell- 

-captor t^^?J^r°**~- - binds to the 

a parent ^ cell tt T **** *~ 

10 binding to said receptor k **», ,,0t -.* ro *»* « adhesin 

D«A sequence coding for a„ JT'"' iM ° Che P*"" cell a 

sequence. ... e *Pressing the DNA : 

^ » S 2Z££^?^.>-*«-.« - target- 
.. Accordingly, the invt "n e ~ S <° * location. 

. . ^ « rcrr^ • 

compound is associated with rh. !T ' tf - a "on-adhesin 
Pound is targeted.with IT T ^ 8 *« com- 

20 receptor moieties reclniW ^ "V**"* comprising 

The compound can h» reCOgnl2ab le by the adhesin. 

< "Wor VZ lt tT^ -*-«. by a eovalent 

or moleoule interact^ T —ovalent types 

When sssociatprt 

be an enzyme, an antibody T a ^sin can 

Part ot a fU8 ion prote" J° 7, "** ° r 3 tOXin *** * 
«* is associated X tTl ? "* * B? ~ 1,, > * compound 
ia typioally a ph^a"^ ° by 4 "oa-covalent bind- 

>° active or i^g^^ 1 ^^^ active, diagnostieally , 

Locations to which . ■ . 

f ted by the ^ - — - . 

, Plant surface and an iltacatrface a^eT 
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In one specific embodiment of the preBent ch 
al «« being administered to Che location egresses free™ 
W bacterial adhesin variant derived from a natural^ 
occurrag parent adhesin. said adhesin variant havinTalLed 

in from which it is derived, the aitered binding properties 
including binding co at leaat „ ne or 

the parent adhesin does not bind. Such an adhesin variant is 
advantageously derived f™ * „... variant is 

0 isolated fr™, . v7 trcn a natr,,,u y occurriu.c adhesin - 
isolated from a cell structure selected from the group con- 
mating of a capsule, a ^polysaccharide layer, on outer 

fitrlTl P dT in; 8 fla9SUm °' »■'"-'• * «*^< - -a 
fimbnal adhesin (NFA) or ah aif imbrial adhesin (AFA) . ■ 

^ specific embodiments of the invention, the above adhesin 

cola PC31 PimH.adhesxn as defined herein in at least one' 
ammo acid. Such a Fimvt • . e 

binds to a ZZ , ^ lnClUd6S an Adhesin which 

binds , to a receptor selected f rom, the group consisting » 
domain where mannosvl real-Wo' = consisting of a 

devoid of c, s ,„v * SSldUeS are not terminal and a domain 

90%^ S " ^iant which is at least 

so* homologous to the PC3i p< m u . -Lease 

each as at least 9«\™o,\ " '* fl - 4 h « ei "- 

homologous even ™L J 9 ° P re *«*"r at least 93* 
-at K 1 ,^ J-^f ^logons. 

least ,„ ^^™ 9 ?.^%£ * *™^ «• 
ticuiar-Tv i 3 J-east 97% homologous, in par- 

96% n™ f eStin3 -**«-"*.. the adhesin is at least 

96* homologous, including at least 99* h 1 - 

99.5* homologous. ^ast 99* homologous or at least 

The above HmK adhesin can be a chimeric adhesin as defined 

adhl: te s^d riBln9 ^ aCid «- different 

adhesms and constructed according to the methods below 



30 



35 



WO 95/20657 

PCT7DK95/00042 

materia! cell ^ TllT --—*"~«*r 

ihclndea the S ^ t ^^' " ■^•«-*--««. 
10 ter a bacterial cell7' desirable to adminis- 

toxin. ^Pressing an insecticidally active 

isoiatec i^r^r zT^T iai 

V that pla«to , Te ° W 

■"sober of the nature, f Strain is a "^or 

then proviaed Citn a " ' — ""^ *•* •» isolate is 

■ r^^ ^^^^^r^ ^ "ill 
, .th. roots of -aaid pi» t t » ^antly occurring moiety on 

> which U expressed^ ^TbSI' . " 

adapted to grow in . m . bacterium which .is not 

in a nonnal^uLf" ^expressible 
tion) . ' th9 rhizosphere environment (loca- 

le specific embodiment* nf n.. 
■ "hactSriaTadiain™ ^^^7^?""^"^*^"-" 
«* adhesin as defined 2™ w w^'w ^ 
which differs from tha coif 8e5USnCe 
■.«ein in at least one amino add ^ *" 

eel" 2rS"r*f ^ ^ serial 

for s^'srrrj ^ * - 
Bessie! r^r — " ~ i 

^nction-limitin 3 e p rot:! L~ °* U klU1 "- » ~" 

—er that the bacteria: c el l w^ SUCh 3 

•rial cell, when targeted, will be killed 
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or limited in its function in a pre -determined manner. The 
expression of such a -suicide- or ceil function-limiting gene 

5 chelc i 9 8 StOCh4StiC eVeM ' the P^ence/absence of a 
5 chemical compound in the- location and a physical factor As 

examples of such -suicide- of cell function- limiting genes 
proving the means of biological containment, My b e men- 
tioned those disclosed in DO 87/5932 and WO 93/20211 

Furthermore, the present Designer Adhesin Technology (DAT) 

0 proves very useful means of obtaining colonisation ^h 
desrranl* bacteria in a particular environment with the 

bene " eU1 Cha " 9SS ° E Che »^al 

;pLie in : h rr r r oat - 43 one exmpi °- 

1 animals H ! 3astro » te8 "^ . WW tract of humans and 
a^ls Have beneficial effects on the health condition of 
the host organism e.g. by suppressing pathogenic organisms or 
by contributing to. the digesting of certain diet components 
The present technology makes it possible to select pL Icu - 

del Led 6 Ul " — ^ ^ GI - Cra " '^ Have thL 
designed rn accordance with the present invention, to have 
> proved colonization abilities, similar examples incluT 
desirable bacterial colonizations of biological sewage ^i- 
ficatxon system, plants where invasion of . pathogenic organ 

CTertr ^tir: ■ y coioni2in3 the piLs ----- 

ih 3 the caries attacks. -PPressing those cans- 

pro el"2 S. P T h WOn ~ ^ w^h a fusion. 3 ." 

^•"r*- de£lned! hereln «••»*» We heterologous 
Polypeptide has an affinity to the co^ound to be isolated. 

a population of a bacterial cell as defined herein. 
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24 was- used as the vector tor all nt-K T PGB2 " 
described herein; ' Cl ° n « d S^es 

10 trf;tion S srte r :te C ":: T ° f unique res- 

the cut sites. So»e of th»T ^ P 031 " 0 ^ <* 

«-» genes, as Irhed ch^ ^ ^ ^ <*»~ 

chan ging each aXe^H *~ 
15 five Scenes „itf™- reStrictlon -^9ment from the other 
and t^ l ^^. C ^f°^. f »^ *31. 3 ene 

subunit rWt« :eXt,re8Sin ' "siatinc, chimeric 

by boxes^re Jo, T 3<lheSi0n - indicated 

« .I* .1, . Fn „, , Periodat -tLt 6 : F n a^d 
given in ac Qtr^n *~ • . re str ains are 

25 and KBio «e for L ^ ^ «» : 

»Mch is'f2-, fo ; £t r :;°^f c str r iM of 

#7. « - 5 tl f ™ r a ^: hb " i '^>. « «a. «:«. CI 

results when bacteria "^P*" 1 ^ columns indicate 

>0 nannose whne T* ln bU " er with °« »" 

e ' wa He solxd columns are result-a -ir, -u 

D-mannose. Values indicated a« rt PreSSnCe ° f 

each column; 6 mean ± S - E ' M ' Tor . 



St 6 " 011 " M-class, : 

class strains (cis #12 f #4 and #10 , respect- 
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£l ly '.,^ frasments P"t»^ by thennolysin treatment ae 
to l) NH2.terminal 30-*Da domain; 2) the 55-kDa gelatin- 

29-38-kDa heparin binding domains; and 5) the 20-kDa C00H- 
terminal domain, open columns represent adhesion in the 
absence or D-mannose; solid toluene represent adhesion in the 
presence of D-mannose. Mean ± S.E.M. (n-4) ; 

10 5 18 3 COmp ° Slte ^" illustrating comparison of amino 

Zl lTT C 7 ° f ^ adheSinS ^ aCtlVB ««riction frag- 
ments =f fMB genes. The published nucleotide and deduced 

™ 3£5UenCe ° f the PC3 1 «« 9«. and gene product 

<ref. 27) serve aa prototype. Numbered amino acid residues 

sit ^ rSnt i0 OCher '° acid " 

substitution or deletion, standard one-letter code applies 
and residues in the other FimJ. sequences that are different 
are indicated. Deleted amino acids are indicated by " it 
20 orev i n ° Ced that reSidUe 176 i» «* arginine as published 

ll tlTI L I' PC31 MraH ' ■** P-line. Regions 

1m Tl " COn£erri ^ change in adhesive phenotype 

P rfoir! ln h b0ld ' " ere deCeminSd * f ^"-l --ys 
^° f t lmSraS beC " een the " elMS ic " -nnose-specific 

25 Lscr ^ PrSSent ^ HB101 'P PKL '» « the above 

described genes. Residues predicted to be key in conferring 
receptor specificity are circled. Approximate positions of 

2Z e £TT: a sites used co create ^ ™™* - 

cated along the bottom of the model; 

30 p P BR322 S «chic^ eS , PlaSmid *« ^ Privative of 

iucludina T ° arryinS ^ Mtire "» <«■»-» 

the t V r£9UlaC0 ^ 9— «-■«- ( not shown,, and 

Zr lZ reSi ° n WiCh the SMSI site - 1" ^is plasmid an 
mer linker with an Bgln site was inserted in the SnaB! site 
to create pPKL83; 
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Pi9. 7 illustrates th construction of plasmid PSM1314- the 
vector PVLT33 is a derivative of the broad host range repUc 
on PSPaoiO. Plasmid pp m83 was digested with Bglli and pvLT 
was digested vith Bami; the two vera ligated and psm3x 4 ras 
5 f resulti "S plasmid in which expression of the fLl-H 
cluster is under the control of the tac promoter; 

8 "lustrates plasmid pLPA22 and derivatives hereof as ' 

trallat , ^ Crlan9leS indiCaCe <* 

10 ppSiL 1 SC ° P - linkera ln the ^ in plasmid 

10 PPKL115, The positions of heterologous inserts are indicated 

■ ^ — — signal-peptioe etot 

^ : 2?K piasmids ™- ™- ^ 

15 2l'J° T i °™ Uno - ele « r °= -icroscopV with colloid gold 
^^l^\ COlllm101 Cells Piasmids pLPa22 

PPKL115 7 ' P'.PA37 p j uil pPKL115 ■ 

PP^llS (c) . usmg anti-pre- S2 monoclonal antiserum'. Bar. 0 .1 

20 EXAMPLE i . . 

Rmctinna l frfifprp r rPneitY of fvne l fim^ al ' adhpR j no f 

JL.1.2, Reaacmt-p 

25 Y JZL m " * POl! ™ os ^« ea glycoprotein isolated from 
tZT°T SB ° ereVlsia < ce " — obtained from a 

co^ercral source (Sigma Chemical Co, St. Louis, M0, USA ) 
«annan ls composed of an ..-linked backbone of ^,2-U^d 
mannopyranose units with « . ' linked 

30 (ref 38) Th» ""linked mannopyranose side chains 

(ref. 38). The majorrty of the carbohydrate of human plasma 
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Fa is composed of N-glycosidic complex-type biantennary 
glycans and no high mannose-type or hybrid-typ N-glycL 

TtrlZnT"^' <r6fS - 30 ' 45 ' 5 " • ^asSTand 

' ?V f M ; Pe "^« treatment was performed as described 

10 ^rr^ Lab ° r " 0l y ° f th * 'A Medical Center. Memphis TN 

ITcha^::': T SaCChlridS ~ C * sub t rat 

well ta^ tT 9 tW ° l6CtinS ' concanava iin A ( C0hA,. 

wall known to react with terminal and internal mannosyl 
rashes, and the Calanthua aimlis agglutinin (GNA) /„ hich 

IS 2^ 3 teOTinal "^"^ ^«l-6Kan and Man^ 

SdTaT: K- teb0rat « i «' San Mateo, CA) . J*.. 

onlv TO reaCtKi WlCh CODA ' bound 

, only to Mn. These results are consistent with the known 

structures of the oligosaccharide moieties of these Z 
compounds. Neither lectin reacted- with ta*^' 
20 Periodate - treatment (ref ^iV ' «> M " "-" *»Pi- - 

reactivity. ' • ° f ° r " Fn elxmi^teci lectin 

' ; ' -• • * • " ; : x - . - _ ' 

1.1,3. Rarl-erial =.tr=H- *„H r , .„.,■.- 

The CSH-50 Strain (lambda-.p-aradaacpr^ r epl tM ' 
25 fr-T 11 18 a * li S ^. K 12 -derived strain (ref 

lalrV-*' T SCmn * i6SS <««»?<>» derive 
ismbda F ) and a derivative strain AABC191A (MS 1 6S 5 recA 

S Un"ers!r OU : ly PrOViSea ' * * <*owman 
entLI i ? ' •" U " t0n -«* 1 «' NC » • has had tha 

entire fin, gene cluster deleted by allelic exchange «ref ! 8, . 

10 from 1 ! cSlcal 8 folates obtained 

MedLTceitTr 27^7^°^ °* * ™ 
The 12 CIS used ^ of Memphis Hospitals, Memphis, TO. 

MS a*!, I StU * " ete aelected » the basis of 

MS agglutination of yeast calls after growth in broth a 
5 classic "st for type 1 fimbriae. 
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Plasmld pPKL4, a P BR322 derivative containing the entire fim 
gene cluster . from E. coli strain PC31 (K12 -derivative, gal 
tonA phx ara) and encoding for the expression of fully func- 
tional type l fimbriae in HB101 (supE hsdS recA ara pro* lacY 
galK rspL xyl mtl AfimBE), has been described previously 
(ref. 28). PPKL114 is a recombinant plasmid derived from 
pPKL4, but with a translational stop-linker inserted into the 
Kpnl site in the fim gene. No transcriptional effects of -the 

stop-linker are to be expected. Antibiotics' were used at the 
followmg final concentrations: ampicillin (SO ^g/ml) 
kanamycin (60 M g/ml) and chloramphenicol (30 M g/mi) 



1.1.4. 



.Polymerase chain i-^^i™ 
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Oligonucleotide: primers were designed' using the published ~ : 
sequence for the fim gene in pPKL4 (ref. 27) . The 5' primers 
copxed regions 13 and 49 bp upstream from- the fim gene and 
were extended on the 5' end by an Apall restriction site and 
a GC clamp: Primer I: 5 ' -GGGGG -GTGCAC-ACC TAG AGC TGA ACC 
CGG-3' (SEQ ID NO: 3); Primer 2: 5' -GGGG GTGCAC T GAG GGA ACC 

ATT CAG GCA-3' (SEQ ID NO-4) Tho T ^ 

■ u u wu.4). The 3' prxmers copied 18 bases 

of the bottom strand of the fimH gene that encode for the 6 
termznal amino acids of fimff and were extended by an Fspi or 
Sphi sxte and a GC clamp: Primer 3: 5'-GGG TGCGCA TTA TTG 

^AC_AAA_AGT-GAG ^ -(^-^5, r Primer 47 5' -GGG " 

GCATOC TTA TTG ATA AAC AAA AGT CAC-3 ' (SEQ ID NO: 6)/ Primer 1 
and 3 were used for CI #10 and p pkl4, primer 1 and 4 were 

Z 7 Z 5 T ^ CSH ' 5 ° ^ 2 «* 4 were used for CI 

#s 7 and 12 to generate PGR products from plasmid or 

chromosomal DNA prepared from E. coli expressing different 

functional classes of type 1 fimbriae. The PGR reaction 

itTlZ C T iSt6d ° f DNA ' Primer Pairs ' -d 

Tag DNA polymerase in PGR buffer. The PGR was performed in a 

T^c ?V et " 3 aUt0natiC th6OTal CyCl6r With Saturation 
at 96 C for l mm., primer annealing at 55°C for 1 min. , and 

prxmer extension at 7 2 c C for 2 mins. for a total of 40 
cycles. All of the PGR products migrated similarly in agarose 
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gels. Purification, restriction and ligation of DNA was 
performed using standard procedures (refs. 39, 48.) All 
primers for PGR and for nucleotide sequencing were produced 
by the Molecular Resources Center, UT, Memphis. 

5 1.1-5. Si lbclnn-ing 

The PGR products from CI#io and from P PKL4 were cut with 
respective restriction enzymes and ligated into the Apall and 
Fspl restriction sites, of plasmid pACYC177 (New England 

10 llnTi B T rly ' ^ U ' S ' AJ WhiCh iS co ^^ with the 
10 P BR322-based P PKL114 to be used in complementation experi- 
ments, creating plasmids pGBl and pGB2, respectively (Fig 
l . However, it became inconvenient to use pACYCl 77 -based' 
Plasmids because of a high frequency of appearance of sponta- 

15 orobT " ^ AAEC191A hOSt Strain ' ^ «* thL 

" problem xs not entirelv ci Mr - k,,*- 

>v ,. """reiy clear, but it was avoided by subclon- 

«g the f^mff genes from pGBl and pGB2. The 'inserts and 
upstream regions of pACYCl 7 7 containing the tat promoter were 
out fron p0B1 md psBi K . ch Fgpl ^ ^ ^ subciMed , nto 

20 ' P° ;i,llnker si « «* PGEM-3Z (Iomega, Madison, wi, that 

ano « ^ " iDC2 " Creatin ' P=BU 

and PGB2-1 respectively. p GE M-3 Z was simply used as a con- . 

vement intermediate in subclooing into P 4CYC184. 

The inserts were cut out again using Smal and Hinds and 
subcloned into pACYC184 (New England Biolabs, Beverly, MA) 
2S cut wrth *inc2 and Hind3. creating piasmids pGBl-2 aid ^2- 

l^T*** SMea frOD CI * 10 « respect- 

ively These plasmids complement the non-adhesive detect of 

SSTT' 9ivins the adheslve ° £ 

30 PGB2 24 T ' See ?e8UltB> - CUttinS thS 9— 

in!!; r"* r and 5pM oakes ic « 

oTof 9SneS ° btained by chromosomal 

TJl ° " 8 bY PCE - M1 »«**»»t strains we have 
tested thus far using this technique exhibit the same adhes- 
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i.l.S . (7nPBi-niCti"r of rhi^rtr ggaj s a sa 

Unique r strict! on sites (Pig. 2) were used to construct . 
chrmerrc fim* genes between the prototypical MS pPKL4 dm 
gene, used as genetic background, and restriction fragments 
obtained from the newly described fim* genes. fragments were 
purrfred from agarose gels and ligated into restriction 
(ZTV'TT" iD M ".. (KM fimH *~ P-«nt in pACYcm 
• anTrh! ' f < * by ""Action capping 

and the nucleotide- sequences of bridging segments were deter- 
mined to ensure proper constructions. The piaSMids containing 
chrmerrc fratf genes were transformed into AAECl 9 lA<pPKL114) 
and clones were tested for agglutination of yeast cells and 
for adhesion to Mn, Fn and PnSpl.' 

. l.l. 7 . Wuclenr<^» ■r eaiimgt ln - 

The nucleotide sequences of tlm genes were determined by the 
drdeoxynucleotide chain termination method of Sanger <ref 

land'ov , ""J""""? ** kU !l '- S - Bi °*emical : Corp. , Cleve- 
to l ™ V S1<aTO (80 ° *° 1.0* Ci/™,!, according 

to the manufacturer's suggestions. The amino acid sequences 
were deduced from nucleotide sequences using MacVectorT 
protern and Dm analysis software (Eastman Kodak. Chester. 

«i* I ° £ Ch& ra -*l«-ation. selected 

f « S— »ere re,a*plif ie d, cloned, tested-f or activiey W " 

-fenced. More recently, we have used the fmol- 

usefuT^ 9 SySCem (Pr0me3a ' Madlson ' "ecause ifis 
useful with small amounts of DMA and thus subcloning the «n* 
genes from the PACYC184 -based plasmids to high copy n^er 
plasmads was obviated. Bands were visualised by auLadto 

IZIZ 8e " 9 9613 and co ^ red * 

r Jjnff gene sequence (ref. 27). 
1,1.9, Vfast cell aqgrpq afl ™ agga ^ 

B. coli were tested for their S MHf„ k 

. . . 0 . or cneir ^Hity to aggregate yeast 

cells. Commercial baker's veast- 

s yeast, Sacciiaromyyces cerevisiae 
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was suspend d in PBS (5 mg dry weight/ml) . B. coli were 
washed in PBS, resusp nded to an OD S30 of 0.4, and mixed with 
the yeast cell suspension in PBS with or without 1% D- 
mannose. Aggregation was monitored visually and the titer 
recorded as the last dilution giving a positive aggregation 
reaction. 

1.1.9. Arthesinn agoay c, 

Adhesion assays were performed as described previously (ref 
51) . Briefly, microtiter assay wells were coated with 
receptor molecules as indicated in the text and figure leg- 
ends. After the wells were washed two times with PBS, 100 M l 
bacterial suspensions were added in 0.1% BSA-PBS. After 
incubation at 37<»c for indicated times, wells were washed 
three times with PBS and adherent bacteria were detected by - 
using rabbit anti-B. coli serum. Antibody binding was 
detected using peroxidase -conjugated goat anti-Rabbit igG 
Reaction product generated from the 5 -aminosalicylic acid 
substrate was measured at 405 nm after 10-15 minutes by using 
an automatic microplate reader (Molecular Devices, Inc 
Memo Park, CA) . values reported are corrected for background 
reaction using BSA coated plates as control. 

1.2. RfiHMlt-p 

In a previous publication it was reported that type 1 
fimbriae of E. coli CSH-50 and HBl01(pPKL4) differ func- 

trZ7. la the±r Pattem ° f adheSi ° n t0 Fn < Periodate- 
treated Fn and a synthetic peptide. PnSpl, immobilized on 

Plastic (ref. 51). since CSH-50 and HB101( P PKL4) are labora- 
tory strains, we tested 12 clinical E. coli isolates (CIs) 
obtained from human urine for adhesion to these four substra- 
te^ 11 a " 1Utiaated y~* cells in a MS fashion. 
Five of the twelve CIs adhered only to Mn. The adhesive 
activity of HB101 (pPKL4) and of CI #12 are shown as examples 
of this class, which we have tentatively designated as M 
class (Fig. 3A ) . Three of the 12 CIs adhered to Mn and Fn, 
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but not to periodate-treated Pn or to PnSpl. The adhesive 
activities of CI #s 4 and 7 are shown as examples of this 
class, designated as MF class. Three of the twelve cis 
adhered to each of the substrata. The adhesive activities of 
CSH-50 and CI #10 are shown as examples of this class, desig- 
nated as MEP class. 

Adhesion of strains representing these three classes to Pn 
fragments further illustrates the distinct differences 
between the three classes. The M class CI #12 does not adhere 
to any of the Fn fragments (Fig. 4) . The MF class CI #4 
adheres to the 40-kDa gelatin-binding fragment. The MPP class 
CI #io adheres, with only slight differences, to all 5 frag- 
ments of Pn tested. Periodate treatment eliminated binding of 
CI #4 to domain 2, but had no effect on the binding of CI #10 
to any of the . Fn domains (data not shown) . . r - - - , 

Since the fim* subunit has been shown to mediate the mannose- 
sensitove activity of type i fimbriae, we focused our initial 
efforts to elucidate the molecular basis for the observed 
functional heterogeneity on the. fimH gene, fimH genes were 
amplxfxed from chromosomal (or plasmid, for pPKL4) DNA and 
the genes were cloned into pACYCl77 and subcloned into 
PACYC184 under control of the 0- lactamase promoter of ' 
PACYC177, according to Materials and Methods (Fig. i) 

The adhesive phenotypes conferred by the fimH genes were 
tested in the following way. e. coli K-12 strain AAEC191A 
(Afim, was first transformed with plasmid P PKL114, which 
contains an intact f im gene cluster but with a translational 
stop-lxnker xnserted into the last gene, fimH. This deriva- 
tive produces morphologically normal fimbriae that are non- 
adhesxve due to absence of the FimH subunit. Plasmids har- 
bourxng cloned fimH genes were transformed into E. coli 
AAEC191A(pPKLll4) and the resultant strains were tested for 
thexr abxlxty to adhere to Mn, Pn, periodate-treated Pn and 
to PnSpl (Pig. 3B, . Each of the recombinant strains displayed 
adhesxve phenotypes mimicking those of the representative 
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parent strains from which the fimH genes were obtained. fimH 
genes were cloned from each of the other 8 Cls and similar 
r suits were obtained with the adhesion of recombinant 
strains mimicking that exhibited by the parental cis. 

The complete nucleotide sequences of each of the six repre- 
sentative fimH genes were determined and the amino acid ■ 
sequences of the fimH proteins were deduced as it is shown in 
Table l below which is a representation of amino acid 
sequences of the FimH subunits deduced from nucleotide 
sequences of selected fimH genes disclosed in this example 
[CI#3 (SEQ ID NO:33), CI#4 (SEQ ID NO:29), CI#7 (SEQ ID 
NO:30), CI#10 (SEQ ID NO:3l) and CI#12 (SEQ ID NO:28) ] and 
those of the E. coli K12 strain PC31 (SEQ ID NO : 1 ) and E 
coli strain CSH-50 (SEQ ID NO: 32) . Additionally, the FimH 
amxno acid sequences of the following clinical isolates of E 
colx are shown: KB21 (SEQ ID N0:27) , KS54 (SEQ ID NO-35) 
U221-3 (SEQ ID N0:36) , MJ#9-3 (SEQ ID NO:37) , MJ#3l-3 (SEQ ID 
N0:38), MJ#li- 2 (SEQ ID NO:39), MJ#2-2 (SEQ ID N0:1) and F-18 
(SEQ ID. NO: 34). Standard one -letter code applies. Deleted 
amxno acid residues are indicated by As. M, M L , MP. MFP, and 
M xndxcate the adhesin class as defined above. 
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Tfrble l. flmi pp acid sequences of the FimH proteins deduced 
frprn yiuqlgonidfi Recruences of fiirifT crenes of clinical Isolates 
disclos ed in this example and of E. coli kl2 strains PC31 and 
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and gene products should also be identical, subunit incorpor- 
ation into the fimbrial superstructure should not vary sig- 
nificantly. Tnese r suits emphasize that in these experiments 
xt 1S the FimH subunit that determines receptor specificity. 

5 In comparing the new FimH sequences to the one published 

previously (ref. 27), the only structural alteration that can 
be clearly linked to a functional change, without resorting 
to analysis of chimeric fimH genes, is the non- conservative 
substitution of arginine" in the MFP class CSH-50 FimH 
10 subunit for leucine" in the M class PC31 FimH subunit. Since 
- each of the other FimH sequences had more than one change it 
was necessary to construct chimeric genes to begin to focus 
on functionally relevant, changes. 

in the case of the CI #ip FimH, an MFP class adhesive activ- 
15 ity sxmilar to that of CSH-50 is conferred by a different 
region of the gene which encodes for a subunit deleted of 
residues 116-119. It remains to be determined how two dis- 
tinctly different structural changes can bring about appar- 
ently similar changes in receptor specificity, it is pos- 
-0 Sible, of course, that as additional receptor molecules are 
tested, these two variants will be found to be functionally 
distinct. 1 

The ApaU-rthim fragment o£ the CI *7 turn gene confers MF 
class activity in the CM7/PC31 fiw chimera. Since the 
5 asparagine"- threonine" substitution is within the leader 
serene, and thus not represented in the ra ture protein, the 
histidme"- asparagine" substitution must be of functional 
importance for the MP class CI #7 FimH. Comparison of the 

0 FIT" M ° £ m CUSS CI *< Md "» « « *" 

FxmH subunits suggests the importance of the glutamic acid". 

glycine" substitution for MF class activity of the CI U 
FimH. Thus, histidine". arginine". g i utainic acii 3, ^ 
deleted glycine"'-i S cleucine»= appear to be key residues in . 
the functional activity of FimH subunits of CI #7, CSH-50. CI 
#4 and CI #10. respectively, but a more precise demonstration 
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of which residues are involved and how they affect the 
ligand-binding cleft (s) remains to be performed. 

At first glance, the FimH mediated, mannose- sensitive pro- 
tein-binding activity of type l fimbriae is the most, surpris- 
ing of the adhesive phenotypes described here. However, • 
protein-binding activity of FimH (i.e. PilE) subunits was 
noted earlier in a study characterizing mutT- induced, muta- 
tions in the fimH (pii E ) gene (Harris et al., ref. 22) How- 
ever, the protein-binding activity described by Harris et al 
was not mannose-sensitive. It is presently not known whether 
the protein-binding_ activity described herein is in addition 
to or separate from the mannose -binding activity, but the 
concept of bifunctional properties of lectins has been estab- 
lished for several years, (ref. 6). While the MFP class type i 
fimbriae appears to react somewhat promiscuously with most Fn 
fragments, the reaction does not appear to be non-specific 
For instance, the. MFP class CSH-SO type 1 fimbriae do not 
adhere well to gelatin (ref. 51). Further, the adhesion to 
• oval bumin is sensitive to both periodate and glycosidase 
treatment (ref. 51). Further work will be required to deter- ' 
mane the consensus amino, acid motif reactive with this class 
of FimH subunit. 

. J , ^ i o u8 _studie S _ suggested .that .the combining site o 
coli FimH adhesin is in the form of an extended pocket cor- 
responding to the, size of a trisaccharide with an associated 
hydrophobic region (ref, 16) .The MS nature of all of the 
adhesive interactions described suggests that if the combin- 
ing sites are separate, they may be close to each other. 
However, it remains to be determined whether or not the 
mannose effect is direct or allosteric. Conformational 
changes that frequently occur in lectins upon binding the 
saccharide ligand (ref. 46) could affect a second, distant- 
binding site. Site-directed mutations may be sufficient to 
clarify which structural changes result in changes in 
receptor specificity. However, such studies are unlikely to ■ 
shed much light on how the structural changes actually relate 
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Table l, continued 
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Th nucleotide and deduced amino add sequences of the pPKL4 
«mff gene are identical to that reported previously, except ' 
that residue 176 is not an alanine residue as previously 

S IT^' * Pr ° llne r6SidUe - In ** en *»t re-amplifica- ' 
tion, re-cloning and re-sequencing confirmed this sequence 
for the pPKL4 am gene. Sequencing was also repeated on 

- ITTTZT 1 * ^"^.^ ^ isolates of the CI #10 and 
were fou^. 3 ^ 8 " °° nfira ~ - errors 

10 TLZulTl ^. dedUCea «* *«es of the other 

bufther! ^ ln ChiS " e ' • conserved, 

all hut r S ^ Me re9idue difference in 

Si h r ^ ^ fimH SegUenCes " hen compared to the 
publxshed p pkm sequence. To focus-on the sequence differ- 1 

SI S o t reSUlCed ln C ^es in functional activity, advan- 
tage of unique restriction sites were taken (Fig. 2) to . 

ZllZ\T"T 9enM - ^ Uiple ftagu.ents 

were ^ h ° £ °« thr sequenced fimtf genes 

DPKL4 r,l I ool, strain PC31 that was amplified from 

PPKL4 cloned into P ACyci84 and used, as the genetic back- 
ground. .Recombinant plasmids containing the chimeric 

transfo^an C s ranS£0med *" ** C "«<™<> and 

transformants .were _ te »ted,.f or -adhesive phenotype, -allowing 

determination of the regions of each gene cap£l of confer- ' 
ring functional activity ,Pig, 5 | . Ml of the sequence 
changes that affected function occurred between residues 33 
and 119 of the 279 residue mature Urn sequence ' 



1.3. rUpeueH-jp^ 



0 



The ^otronal heterogeneity which is described above must be 

^ariaoleT \° allSli0 VariantS ° £ "» tlW «— • : «» °°ly 
gables in the recombinant strains which are described in 
this Example are the ttmff genes- all nrfc „ 
for F( m h,i., . 9 en es, all other genes necessary 

for fimbria! submit synthesis, transport and assembly a« 
the same in each cas*» c-ir,„~ . y axe 

acn case. Since the ratios of the various genes 
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to the ligand-binding cleft (s) and it will ultimately be 
necessary to determine the 3-dimensional structure of FimH 
FimH fragments crystallized in the presence of ligand to 
fully understand structure/function relationships. 

The three adhesive classes of type 1 fimbriae identified 
above may understate the functional heterogeneity of type 1 
U"4>riae. The group of CIs that has been tested in this " 
Example is small and only a few substances have been tested 
as potential receptors. A larger group of isolates tested 

fuLT a f di , ti ° nal rec * tor candidates might yield additional 
functional classes. Preliminary studies with MS Shterobaccer 
aerobes and Klebsiella pDe umoniae strains exhibiting «F 
class and mfp class activity suggest that heterogeneous 
receptor specificities will also be found among other type 1 
• '^riated enterobacterial species. 

!L i \ al r. beUeVe£l U U ?° SSible ttac Resins from 

IZ ^™*™*<™»*° '°r.mannose,resistant hemagglutina- 
tion o r adhesion are structurally related to FimH, but with 
sequence alterations that eliminate sensitivity to mannose 

The pos ^ that fche m im properties of P J; 

might be eliminated while retaining other adhesive properties 
of FimH (e.g. pellicle formation, has been shown previously 
in n study characterizing mutr-induced mutations in the- tL 

tests foTt f^'' " ^ m±Uijmm - 1C 19 beUeve ° *** 
tests for type a fimbriation should include additional func- 
tional characterization. Hhile all type 1 fimbriae-mediated 
adhesion which have been deacribed in this Example is 

^ZT^' 18 DOt 311 - even saccharide- 

S2££ifl£ as has commonly been thought. Further studies of 
type 1 fimbriae as a virulence factor must bs aole to distin- 
guish among the various functional classes. 

Allelic variation of the so-called G adhesins of P fimbriated 
uropathogenic E. coU also results in different function" 
Classes, but the requirement for the Galal-IGal sequence 
within isoreceptors is maintained (refs. 52, 53). These 
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differences in G adhesin receptor specificity appear to be 
rather subtle, at least superficially, when compared to the 
differences in FimH receptor specificities . Yet there is 
significantly greater sequence homology among the fimH genes 
than among the G adhesin genes, some of which share less than 
50 percent homology. The G adhesin receptor specificities 
affect host susceptibility, due in large part to host-speci- 
fic expression of glycolipid isoreceptor variants. Whether- 
the FimH family of adhes ins bears a similar relationship to 
host susceptibility or tissue tropism remains to be deter- 
mined, in this regard it is possible that the G adhesin 
family could exhibit additional receptor specificities not 
restricted to the Galorl-4Gal sequence. The lectin- independent 
affmity of P fimbriae for immobilized Fn is not dependent on 
the G adhesin , but on. two other minor subunits, E and F, 

neither of which fa ear significant homology -to FimH (refs. 56, 
57)* 

It. is important to point out that the degree of functional 
heterogeneity of type 1 fimbriae described in the present 
Example was not appreciated when any of the studies cited 
above were performed. The results of these studies have made 
it clear that structural and functional heterogeneity occurs 
wxthm the class of adhesive organelles commonly referred -to 
as MS or type 1 fimbriae and that the adhesive diversity will 

.. le ^_ d ■ 5° ^_ b 5 oa i e 5_ s P e _ ct _ r ¥B. of . receptive surfaces! for-poten- - 

tial colonization. The surprising finding that a FimH family 
of adhesins exists may prove to be an important step toward 
unravelling the role (s) type l fimbriae may play in the 
ability of enterobacteria to reach their normal habitat or - 
gaxn entry into deeper tissues, where devastating effects can 
occur. 



10 



20 



25 



30 



WO 95/20657 

PCT/DK95/00042 

51 

EXAMPLE 2 

Expression of type. 1 fimbriae in h^^o r , B k.^.^ 
species 

The fim operon of E. coli comprises a cluster of genes 
covering about 8 kb of DNA. This operon has been isolated and 
cloned on plasmids in its entirety. The promoter upstream of 
the fimA gene is located within an invertible DNA sequence 
which in E. coli leads to a switch on/switch of f. situation 
for fimbrial synthesis. In one orientation of the invertible 
sequence the promoter is directed towards the fim genes, and 
the cell is fimbriated; in the other orientation the promoter 
is Erected in the opposite direction, and the cell is non- 
fimbriated. 

Since the regulation of the switch of the invertible promoter 
sequence is very complex and involves several genes outside 
the fim operon it is far from certain that the switching 
takes place in other bacteria than the- enterics. It was 
therefore considered necessary to insert a replacement promo- 
ter for the expression of the fim genes, and as a model fQr 
gene expression in a number of different bacterial species 
the lac promoter was chosen. This promoter has been shown to 
be active and regulatable in many bacterial species. 

Plasmid PPKL83 is a derivative of pPK L4 (ref. 27) carrying 
the entire fim operon in P BR322, in which the promoter has 
been destroyed by inserting a Bgin linker in the SnaB site 
located in the promoter sequence. There is a second Bglli 
Bite in plasmid pPKL83 upstream of the fim operon (Fig. 6 , 
Plasmid pVLT33 (Fig. 7) is a kananycin TeB±Btant deri ^ ti ^ 
of the broad host range plasmid RSF1010, carrying the iacl« 
gene and the tac promoter placed upstream of a multiple 
cloning site in which a unique BamHl site is placed. The two 
plasmxds were ligated together after digestion of pPKL83 with 
Bglll and pVLT33 with BamHl. m one orientation ( P SM1314) 
thxs fusion plasmid will express fimbriae- in the presence 'of 
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IPTG due to the fusion between the fimbrial genes and the lac 
promoter.; 

The correct orientation of the fusion plasmid P SM1314 was 
verified by transforming it into a strain of E. coli which 
carries a deletion of the fim operon. Production of fimbriae 
was assayed in two ways: 1) Cell aggregation with f imbrial 
antibodies and 2) ELISA assay of. whole cells. The former 
analysis is rather" simple: to a small volume (10 M l) of an 
outgrown or IPTG- induced culture of the cells to be tested is 
added a small volume (2 M l) of antibodies raised against 
fimbriae, on a glass slide. After mixing the samples, 
fimbriated cells begin to show cell aggregates which are 
easily observed directly as clumps or under a microscope. No 
clumping was observed with cells of the strain with a fim 
deletion, whereas P SM13 14 transformants of this strain showed 
clearly detectable cell aggregates. The ELISA analysis of 
whole cells confirmed the aggregation assay. In Table 2 below 
the readings, from this type of assay are presented, and they 
show quantitatively the occurrence of Fim antigens on the 
cells as a result of IPTG induction of the P SM1314 carrying 
strain. 3 



Table ?., ffPRuUs [djaalifiatej nf BT.Tcp aggav ^ , 
fimbria exp r^ed by p<m 3 14 in K noli aaepi qi f nn ^ f 

AAEC19 1 (pSM13 14 ) 0.145/0.164 
25 AAECl9l(pSM1314)+IPTG 1.026/1.260 

Blank 0.113/0.095 

Plasmid PSM1314 also carries a mob site which allows it to be 
transferred to other gram negative bacteria provided a helper 
plasmid is introduced. This type of transfer is most easily 
30 performed in. "triparental- matings in which a donor strain 

(E. coli carrying P SM1314) , a helper strain (E. coli carrying 
a plasmid with conjugation genes) and a recipient strain 
carrying a selectable marker not present in any of the two 
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ocher strains, are mixed on a plate (directly or on a fil- 
ter). After some growth (often overnight) this mixture is 
spread on selective plates with antibiotics that only allow 
the recipient carrying the desired plasmid to grow and form 
5 colonies. 

In the present context, the E. coli strains MC1000 (pSMl3i4) 
andMC1000(pRK2013) and (as recipient, EnteroJbacter cloacae 
strain A50 Nal'.tref. 67), were mated. This recipient strain 
is resistant to. nalidixic acid. After selection for growth on 
10 plates with Jcanamycin plus nalidixic acid the resulting 

clones were grown in liquid medium and assayed for the pres- 
ence of fimbriae in. the absence/presence of IPTG. The cell 
aggregation assay was employed. 

. This assay showed that fimbriae were produced in the Entered 
15 acter cloacae strain and were present on the cell surface- 
however, full repression of expression from the tac promoter 
~ WaS DOt Gained,- most likely due to ah increased escape 
synthesis. The results showed that E. coli type 1 fimbriae 
_ may be synthesized and processed correctly for pili formation 
20 on. the surfaces of heterologous gram-negative bacterial 
species . 

The plasmid pSMl3l4 in E. coll HB101 was deposited on 26 
January 1994 with DSM, the Deutsche Sammlung von Mikroor- 
ganismen und Zellkulturen GmbH, (German Collection of Micro- 
organisms and Cell Cultures) , Mascheroder Weg IB, D-38124 
Braunschweig, Germany, under the accession number DSM 8922. 

EXAMPLE 3 

The, construet^n SLlMfusioh dmpe aT ,H , ,,' ' ' 

|L,U ™> AUbinn- aenps..ana t he expression nf 

mannoge-pensitivp g^ffl-fusion r w^<- n ~" ~~ ' "~ ^ 

Heterologous sequences mimicing the pre-S2 region of the 
hepatitis B viral surface antigen and a neutralizing epitope 
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of the cholera toxin B chain were inserted in two different 
Position, in the Wm* adhesin of type 1 thrill WwT 
* 9* restriction Site haSies 

5 *n of 8 h ? ^ the «- ««. ^"cwed by i n . frame ^er- 

pea in the" 0 ^ ^ Se9DentS enCOiln9 f °~^ «*to 
Pes to the selected positions such insertions did not sL 

nrfrcantly alter the adhesive faction of the Pima protein 
! h ln " hOSCS h^rid fi^riae that contained the 

chrmerrc adheeins exhibited adhesion phenotypes and we« 
10 normally finbrlated . The.heteroiogous insert! of ^ anTls 

p™:::^ ' respecwveiy - — * ^ ^ 

prote ns were recognised by .specif ic sera on the surface of . 
the f lnbriae on. bacterial hosts. The results illustrate tie 
possibility of using bacterial adhesins as aenS, 
15 of foreign antigens and epitopes, general presenters 

3-1. Materials r "f- ir > " 

U.l. Rarrrn-,! nfrnta. and --^ n-j ,,,, ,-' 

2\ E T.T la K " SCrain 133101 "*ed in «.is study 

- PheL ^ calTyT^ S r° n " ^ W- ™« "rain Is 
<ref r Cell " aeleCi0n ln the «" 9«» d"«er 

upple^nteo wit! 6 " ^ °" ^ ™ « in ™ ^oth 
„„„ " "ith appropriate. antibiotics. «hen required 

gene expression from the lac promoter restdino l^T 

the fimff gene in plasmid p LM L and L T ^ ° f • 

25 induced by the addition of ™ I " TCS ' "* 

pyranosidel t* rfc ("opropyl thiogalacto- 

pyianoside) to the growth medium. 



3.1.2. Plasm-Mo 



Plasmids ppn.4 (comprising the entire, functional rim gene 

.o o^SdT™. (0 ° w the — — £T 

pPKLUS which is a plasmid containing the entire type l «. 
Sene duster with a stop linger insertion in the fZ gene 
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(i.e. this plasmid expresses all the proteins necessary for 
the production of fimbriae except the FimH protein) was 
constructed in two steps: 

(i) plasmid pPKL4 (refs. 27, 28) was digested with Kpnl which 
5 recognizes a unique restriction site in the fimH gene The 
staggered end of the linearized plasmid was made blunt and 
ligated with the synthetic piece of dna below (SEQ id no-7) 
containing stop codons in all three reading frames, resulting 
in plasmid pPKLll4: 

10 5 ' -GT03ACTTAATTAATTAAGTCGAC- 3 ' 

3 ' - CAGCTGAATTAATTAATTCAGCTG- 5 ' ; 

(ii) the Hindlll-Bagi fragment from P PKL114, containing the 
entire fim gene cluster with the inactivated fimH gene was 
subsequently inserted into the Hindlll and Bagl sites of 
15 plasmid pACYC184, resulting in plasmid pPKLiis. 

Plasmid pSM782 (generously provided by S.Molin, Department 
of Microbiology, Technical University of Denmark, DK-2800 
Lyngby) containing the pre-S2 and S encoding regions of the 
hepatitis B viral genome, was made from plasmid X-HBV1 (ref 
72) by subcloning a EcoRI-Dral fragment into P BR322.. 

Plasmid pLPA22 was constructed by inserting a 1018 bp Pvuii- 
Mlul fragment containing, the fimH gene from pPKL4 into 
plasmid pucis. The insert was positioned downstream and in a 
expression compatible orientation to the lac promoter resid- 
ing on the vector part of the plasmid (Pig. 8) . Expression in 
E, col, HB101 cells of functional FimH protein was monitored 
by complementing pLPA22 in trans with pPKLiis and testing for 
MS adhesion upon induction with iptg. 

Plasmids pLPA29 and P LPA30 were made by inserting 9-mer 
asymmetric Bglll-linkers into the BsaAI and Hindi sites 
respectively, in the fimH gene of plasmid P LPA22. At six' 
different positions in the P LPA22 fimH gene a Bgin site was 
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introduced without changing the reading frame, resulting in 

Plasmids PLPA98, pLPA3 6 , pLPASS, pLPA30, pLPA29 and pLPA59 

(Fig. 10). This was done either by inserting a Bglli linker 

into an appropriately treated restriction enzyme site, or by 

5 changing 1-3 basepairs using PCR and thereby creating a BglH 
site. . * 

The plasmid pLPA3 6 was prepared by opening the pLPA22 fimH - 
gene with the restriction enzyme Tthiill and making the ends 
■ blunt using Klenow polymerase and ligating using an 8 mer 
10 BglH linker (SEQ ID NO: 8) : 

. 5 ' - CAGATCTG - 3 ' 

.J Plasmids PkEA58 M d. pLP^9 were inade by flglll site- creating " 
site-directed mutagenesis of pLPA22 using standard PCR and 
Plasmid PLPA98 was constructed by opening the fimH gene, 
making the ' ends blunt with T4 DNA polymerase and ligating 
.with the below 10 mer Bgrlli linker (SEQ ID NO- 9} • 



15. 



5 ' - GAAGATCTTC - 3 ' 
3' - CT TCTAGAA C? - 5 ' 



20 



Of the six resulting mutated fimff genes, three expressed 

same time exhibited mannose-sensitive adhesion. Of these 
three mutated FimH proteins , the two that conferred to E 
„ C ° 2i C6llS the wrongest mannose-sensitive adhesion were 

expressed from plasmids P LPA29 and pLPA30 (Fig. 9, and these 
two plasmids were investigated further for their ability to 
contain large mutations and still be biological active. , 

Plasmid pLPA29 has a 9 bp long symmetrical Bgl II linker 

30 for e th ed , iat W 0 ^ B8aAI Site 66 bP UPStream ° f the 8t °P c °*>» 
30 for the fom* gene , while plasmid pLpA3d hag ^ ^ g 

Bglll linker inserted into, the Hindi site 163 bp upstream of 
the stop codon of the fimtf gene . 
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The plasmlds pLPA37 and P LPA38 (Fig. 8 , were constructed by 
xnsertxng a i 62 bp DNA fragment encoding the pre-S2 region of 

olLT', ^ B VirUS 8UrfaCS int ° the W in 

and PLPA30. respectively. This DNA fragment was crea- 
ted by a standard polymerase chain reaction (PGR, using the 
synthetic primers: (i, 5 ' -GGAGATCTAATTCCACAACCTT- 3 ' (SEQ ID 

NO:ll, and (ii) 5 ' -GGAGATCTGTTCAGOGCAGGGT-3 ' (SEQ ID NO-12, 

and plasmid pSM782 as a template. 

A fragment of plasmid pLPA38 comprising the inserted 
heterologous sequence encoding the pre-S2 region of hepatitis 
B surface antxgen is shown in the below table wherein the 
heterologous sequence is underlined and the numbers indicated 
correspond to the- positions of the amino acid residues in the 
mature PimH protein. 

BglU 



~ " — : . 226 
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3 ' - ACAACTTCAaGGCCCATCAGTOGTATAGCTATCAGTCTTTTOT^ 

A fragment of plasmid pLPA9 3 comprising the heterologous . 
sequence encoding the above DNA segment of the B subunit of 
the cholera toxin is sh own in the below table wherein the 
heterologous sequence is underlined and the numbers indicated 
correspond to the positions of the amino acid residues in the 
mature FimH protein. - ' " ' 



10 



IS 



20 



Bg/ii 



' ' BamH \IBgl II 

CAG AAA AAA GCT GGA TCT TCG ACG 
Gin Lys Lys Ala Gly Ser Ser Thr 
~ — '■ 226 



, 3tl.3. DMA fg rhnigy ep 



Isolation of plasmid DNA m « n*r^~* 

* * carried out according to the 

method of Birnboim and Doly (refv 73,. Restriction endonu- 
cleases were used according to the manufacturer's specif ica- 
.txons (Biolabs-^^ 

ZlZtnTo TT^^ teC ^ e <*• «> using a sequenase 
versxon 2.0 kxt from USB. Oligonucleotides were made at the 
core facilities of the Department of Microbiology, Technical 
University of Denmark, lecnnical 



3.1.4 pgr nip^^»i ^ Tj . 



Polymerase chain reactions (PCE) were performed on a Perkin 
Htaer cetus » ^ ^ w _ ^ _ 

arrp. 0.2.1.0 m o£ each o£ toe tKO prime 

TrlS - HC1 «* 8 - 3 >- 50 mM Kd. 2 . 5 ^ of ^l, 2 ^ 
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polymeras and 0.1-0.2 M g of plasmid template. The reactions 
were run for 25-30 cycles each consisting of i min. at 94»C 
1 mm. at 40-C, and 1 min. at 72 -C. For amplification of the 
pre-S2 fragment the above primers 5 ' GGAGATCTAATTCCACAACCTT 3' 
5 (SBQ ID N0:ll) and 5 » GGAGATCTGTTCAGCGCAGGGT 3 ' (SEQ ID NO-12) 
were used. 

3.1.5. Hemaaqln tinatinn 

The capacity of bacteria to express a D-mannose binding 
phenotype was assayed by their ability to agglutinate guinea 
Pig erythrocytes on glass slides. Allots of liquid cultures 
grown to an optical density of 3.0 and 5* erythrocytes were 
mixed, and the time until agglutination occurred was 
measured . 

3.1.6. ant-io^ 

i a fl t r^^ tyPe 1 £llnbria Ser ™ ^ aS " Mt type 
1 fimbriae has previously- been described (ref. 74) a 

monoclonal antibody directed against FimH ,ref . 75,' was 

kindly provided from Dr. Maryvonne Dho-Moulin. Institut ' 

Nadonal de la Recherche Agronomigue. France. Goat serum 

3 ™ nSC Ch ° lera tOXin B SUbUMt 'international stan- 
dard for WHO No. l 2 - 2 4 6) produced at the state Serum Xnsti- 
tute. Copenhagen. Denmark was kindly provided by sa^e insti- 
tute. A monoclonal antibody directed against the pre-S2 

Provideo £ bT CiCiB B SUrfaC£ aDtl3en <re£ - 7S > « W*T 
provided by Dr. Makoto Majmmi. Jichi Medical School. Japan 

Fluorescein (FITC, conjugated anti rabbit, anti mouse oT 

anti goat sera were provided from Dakopats, Denmark. 

7. Fluorescence melLlsa and cm T i^-py 

Cells from overnight cultures (IP TO -induced. if retired) 
were harvested, washed in P BS and fixed for 10 minutes at 
room temperature in a 3.5* ,„/v, solution of paraformaldehyde 
m PBS. samples of 20 „! were placed on a poly-L-lysine 
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coated slide and air dried. After washing in PBS, 16 M l of a 
1:5 (monoclonal) or 1:25 (polyclonal) dilution of the primary 
antiserum was placed on top of each sample and left in a 

5 TZ1 h inCUbati ° n Chamber ** * ^r. The slides were washed 
5 three, txmes.n PBS and 16 ,1 of fitc conjugated antiserum 
were added. After two. hours in the dark, the slides were • 
washed three times in PBS and a drop of Citif lour, (Citif lour 
Ltd., London, U.K.) was placed on top of each sample. For 
10 V1S ^ ll2ati ° n ' a Carl ^iss Axioplan microscope equipped for 
10 epxfluorescence and phase- contrast was employed. Using a 

charge-coupled device (CCD, camera, pictures were captured as 
12-bxt fxles wxth PMIS software (Photometries) and . 
subsequently transferred to a Macintosh Quadra 950 computer 
tor xmage analysis. < . 



15 



20 



25' 



.1.8. BI^T"" microscopy. 



Electron microscopy and immuno-alectron microscopy was 

ZZTtt :rv" Uy M -Piously ,ref. 61, . In 

brief a 25 „, aliquot of bacterial suspension was placed on 

we t™ Sd 3 f* V 30 seconds; arias - 

of the foil " PS ° f PBS ' deh ~« = "tn in each . 

96* IT C ° nCSntrati °- <* "hand: 25*. 50V, 75* and 
. < . Wotted dry and shadowed with tungsten wire at an angle 
of 30 For ^mono-electron microscopy a monoclonal antibody 
the pr lnary tbody ^ ^ Berum g e , 

with 10 nm gold particles (Date,) was used in dilution 1-20 as 
the secondary antibody. as 



3.2. RPflnUg 



30 



T be l I ° Ve ' tW ° PMitiOI1S in C-te^inal part of 

the Fl mH protein were engineered to contain heterologous 
sequences mxmdcing foreign antigenic determinants, in the 
present study, double plasmid systems were used. In each 
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10 



plasmid pair one encoded either a wild-type or an engineered 
version of the tim gene, whereas the second plasmid encoded 
auxiliary functions such as the two -component Fim-specific 
transport system, regulatory genes and other structural 
components of the fimbrial organelle except FimH (Table 3) 



Based oh algorithms for prediction of such parameters as 
hydrophilicity and secondary structure, two potentially 
optimal positions for insertions of heterologous sequences in 
the C- terminal domain of the FimH protein were selected 
These correspond to positions 225 and 258 in the mature 
protein predicted to be situated in a surface -exposed part of 
the FimH protein . In order tQ facllitate lafcer mBjvnM ^ 

the fzmtf gene was subcloned into the pUCIS vector resulting 
xn plasmid pLPA22. Subsequently a Bglll site was introduced 
xn-frame into positions 225 and 258, respectively. This was 
carried out by site-directed mutagenesis employing synthetic 
oligomers resulting in plasmids pLPA3 0 and pLPA29 , respect - 
20 ively (Fig. 9) . F 

The introduced Bgin sites resulted in a codon change from a 
Leu to a Phe codon in position 225 and addition of codons for 
the sequence Arg-ser-ser, in the case of plasmid pLPA29, and 
addition of codons for the sequence Arg-Ser-Gly after posi- 
tion 258 in the case of plasmid pLPA30. Sequence analysis of 
the entire modified fim* genes in plasmids pL PA 29 and pLPA30 
confirmed that no other changes had occurred. Host cells 
which in addition to plasmid pLPA29 or pLPA30 also contained 
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- — «o. punou dxso containec 

Plasmid PPKL115 tfirtt). showed wild-type phenotypic characl 
tenstics with regard to adhesion and fimbriation as judged 
by such criteria as hemagglutination (Table 3) and immuno- 
f-uorescence microscopy. 
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3,2,3, Engine erin g tetfisolflgaas T3Mz££m sMs&s sasadAag^bs 

Pre-S2 domain of b sta fcltia B purfarP jmti m n r hr -| rrn 
toxin apito^-in^ gag Z' 

As heterologous reporter epitopes the pre- S2 region of the 
5 hepatitis B surface antigen and a well characterized region 
of the B subunit of cholera toxin were selected. The pre- S2 
regxon is known to contain immunologically important (and 
protective) antigenic determinants (ref . 76). In addition, 
this region is disulphide bond- independent and apparently 
> more xmmunogenic than the major S protein. The cholera toxin 
segment consists of residues 50-64 of the B subunit and has 
previously been- shown to elicit antibodies that bind to and 
neutralize cholera toxin (ref. 77). 

* T S T eM ° f "2 . nucleotides encoding 52 of the 55 amino 
adds of the pre-S2 region was amplified by pcr. technology 
using plasmid pS„7 8 2 as- template and primers that provided 
the ampl^ed sequence with flanking pg& sites. Following 
restriction with agin and purification the amplified frag 

Ip«r T"^ l0t ° ^ 83111 SiCSS ° £ and 

, re rK tln3 iD PlaSmidS PLPM7 ^ -Pectively 
(Pig S» . Subsequent sequence analysis conf irmed that the 

inserts were correctly oriented and that the reading frame of 
the chimeric fimH-pre-S2 genes was correct. 

by^S^ " DNa ~ Be9 * eM coding the cholera epitope was "made" 
by annealing two complementary 51 hp oligonucleotides which 

with TVT? reSUlt ^ 3 8trinaed £ «9»>-t 

with a B? 2H overhang in one end. a BamHI overhang in the - 

Is inserted ^ segment 

PLPA29 and pLPA30, resulting in regeneration of a Sgln site 
at only one end of the insert. This feature was used to 
identify plasmids with correct orientation of the insert The 
Presence of the ClaX site was used for initial screening t « 
Clones containing the insert. Sequence ^ o£ d 
PLPA93 and pLP M5 , both harbouring the epitope-encoLg 
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segment confirmed the orientation and conservation of the 
reading frame in the chimeric fim*- cholera genes (Pig 8 ) . 

3,2.4. RypreSSlon Of chiw^T-ic pj m ff a d hesin HnTnprifl-inq ae 

5 fa^Slgggus sequence* the nre-ss dojnajn ^ ^ ^ 1H -, b 
s urface antigen and a ch olera hr^-in 

To evaluate whether the heterologous inserts in f iaH were 
compatible with protein expression the T7 poiymerase/promoter 
system of Tabor and Richardson (ref . 78) was used. Subcloning 
xnto the pGEM3 vector system and subsequent assaying revealed 
that proteins with the expected sizes were produced in all 
cases from the chimeric fi*H genes. More importantly, to 
assess whether the FimH proteins harbouring foreign inserts 

additionally, whether they were present on the bacterial 
surface in a biologically functional form, the adhesion 
Phenotype of recombinant strains expressing the chimeric FimH 
proteins was studied. - 

Bacterial hosts which in addition to plasmid pLPA38 (pre-82 
insert m position 225 in FimH) also contained plasmid 
PPKL115 {fim gave, when induced by IP TC , good agglutination 
of guinea-pig erythrocytes indicating the presence of a 
biologically active form of the FimH adhesin on the cells . 
(Table 3) . The combination of plasmids pLPA37 (pre-S2 in 
position 258 in FimH) and pPKLUS resulted in weaker, but 
detectable, hemagglutination (Table 3). Furthermore, such 
cells were also shown by electron microscopy to have essen^ 
tially normal f imbriation (Fig. i 0 ) . 
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Tahle 3. CTfnpfcypp f»TTd phenptvpe of nlaam^c f a r, — V | 

respect jve 1y indict pnnrciflA. p BP ^o or nnrip .. rrtnr] . 

used in thip n hl dY, noMMon of Im,^-^ ^ „ ,,,„ 
■titer. Host rPlL g, coli 



Plasmid relevant genotype 



insert 
position 



PPKL4 (B) 
PPKL115 (A) 

10 pLPA22 (U) 
PLPA29 (U) 
PLPA30 (U) 
pLPA37 (U) 
PLPA38 (U) 

15 pLPA93 (U) 
PLPA95 (U) 



all fiin genes 

fimH 

fimH* 

fimH-Bglli 
fimff-Bglli 
fimH-pre-S2 
fimH-pre-S2-'- 
fimH- chol era 
fimH- cholera 



258 
225 
258 
225 
225 
258 



PLPA22 (U) finat 
+PPKL115 (A) fimH 



20 



PLPA29 
+PPKL115 

PLPA30 
+PPKL115 

PLPA37 
+PPKL115 



25 pLPA38 
+PPKL115 

PLPA93 
+PPKL115 

PLPA95 
30 +pPKL115 



fimH'-Bglli 
fimH 

fimH- Bglll 
fimH 

fimH-pre-S2 

_fimH. _•_ , 

fimH- pre -S2 
fimH 

fimH- cholera 
fimH 

fimH- cholera 
fimH 



hemagglu- 
tination 3 

15 : 

>600 

>600 

>600 

>600 

>600 

>600 

>600 

>600 

10 



8 

210 
100 
11 
16 



S eLnr^ Utin " l0n ° £ erythrocytes indicate* in 

seconds before reaction occurred. The average values of 4 
measurements are given. 



35 in the cases where a sequence minuting a cholera epitope had 
been mserted into viz. pLP M3 (insert in position 225 , 
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and pLPA95 (insert in poeition 2S8) . respectively, sn agglu- 
tination phenotype also resulted when either of these plae- 
mids were complemented by plasmid pPKLUS (fimffl (Table 3) 
Again, this suggested that in spite of the presence of 
foreign peptide segments the chtaeric PimH proteins were 
still able to reach the bacterial surface and maintain its 
adhesive function. In addition to the adherence phenotypes of 
the various clones the presence of engineered Pirn* adhelins 
on the surface of the cells were monitored by can microscopy 

a pIT: CC10 ". Kith methodology emp^ng 

a PimH-specific monoclonal serum, m all cases, significant 
signals albeit of varying incensitv , Mere ^J^' 
compared to a negative control strain that harboured the 
auxiliary plasmid, pPKLHS. alone. 

hepatUT, R ,„rf a c. 1t1i rho „ ■ 

chimeric FimH .m..^ — Es - ln 

Since there was good evidence that the chimeric PimH proteins 

TsZlT ° n SUrfaCe ° f -"' hosts the L ity 

of specific antisera, raised against the pre-S2 part of 

hepatitis B surface antigen or the cholera toxin B chain, 

respectively to recognize the chimeric PimH-pre-S2 and P mH- 

bac r a p ::: e ei r ? r ctiy on che ot ~-«— * 

coli h , T ' By ^"""orescence microscopy B. 

coli hosts harbouring either of plasmids PI.PA37 or p lL 8 in 

izzit^t* ppkliis were 8hom <° ~* 

with antisera directed against the inserted heterologous 
sconce, wneress hosts expressing wild-type Pi^ did "t. 
Similar results were obtained with the cholera toxin insert 

P ° 8lti0nS (PlaSmidS P^VpPKLUS and 
cnWwc? 1 H 5K * 9ain ' ^ ."W*" ^"erts in the- 
ses" ^r h Pr ° teinS ^ re ° 09ni2ed by ^^-specific 
d" ,:^ 1 SUr£aCe " ~~ * -trol 
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Thee findings demonstrate that the foreign epitopes are 
exposed on the surface of extracellularily located chimeric 
FimH proteins and, significantly, in a conformation which ' 
mimics the natural conformation of the epitope (s) as it 
appears in the native hepatitis B surface antigen or the 
native cholera toxin. 

The results obtained by immunofluorescence microscopy were 
corroborated by immuno-eleccron microscopy, employing the 
Pre-S2 specific monoclonal antibody as primary serum and a 
colloid gold-labelled secondary antiserum. A significant 

tT! U fImb f - 9 f ' ParCiCleS Mere Seen ' la with 

eric f I ° r9MelleS ' on "°«s harbouring chim- 

eric fzmff-pre-ss genes (Pig. 10 b and 10c), whereas only few 

111TIT C « S K W8re PreSenC ° n Ch£ COntr01 pressing 
wild-type fiM.riae (Pig. 10a) . Purtbexmore. in the- latter 

the f^ d - PartlCleS ^ ^ " ^ associated with 

^ PlM-^ pWJB,, pLPA29, pI»PA30, P LPA37v pLPA38, pLPA9 3 
PLPA95 and pPKLlls in E. coll HB101 were deposited J 2S 
January 1994 with DSM. the Deutsche Sammlung von Mikro- 
organismen und Zellkulturen GmbH, (German Collection of 
Microorganisms and Cell Cultures), Mascheroder Keg IB D- 

89I3 4 S^" 19 ' Gerrany ' ^ accession numbers DSM 
8915, DSM 6916, DSM 8917. DSM 8918. DSM 89l 9. DSM 8920 DSM 
and DSM 8923, respectively. ' DSM 

EXAMPLE 4 

Binding of fbe MFp dase a l herHn of . „ 
thet^c p°p|;ifl ff , : ~ sm - 

14 synthetic peptides were synthesized on an ABI automated 
peptide synthesizer according to the method of Merriflelf 
«-"ifield e.b. 1963. solid phase peptide synthel ^e 
synthesis of tetrapeptide. J. Am. Chem. Soc. 85=2149). ThT 
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binding of the E. coli strain CSH-50 to these p ptid s were 
tested essentially as described in Example l. The results of 
these binding assays indicated that this MPP class strain 
, a f Sred Stron9l y to one 3roup of peptides whereas the binding 
5 the an other group of peptides was absent or weak, in the 
below listing the one-letter code sequences of the synthetic 
peptides are shown in a ; + group, i.e. the group of peptides 
to which the tested strain adhered strongly, and a - group of 
peptides to which the binding was weak or absent : 

10 +- qro"P p P ph^ ag 



FnSPl : 
CB-II-G: 



E^QMVQPQSPVAVSQSKPGCYDNGKHYQI (SEQ ID NO: 13 
EEGKRGARGEBGAAGPVGPBGERGARGNR (SEQ ID NO- 14) 
SMI (19-32) : AIQNIRLRHENKDL (SEQ ID NO: 15) . 
SM6(l-ll) : RVFPRGTVENPC (SEQ ID NO: 16) 
IS SM12(1-12): DHSDLVAEKQRLC (SEQ ID NO: 17)' 
SM12(7-18): AEKQRLEDLGQKC (SEQ ID NO: 18) 
SM5 (175-184) : TVKDKIjAKEQG (SEQ ID N0:l9) 

SM5 (28 -54) : „ KTroffiGLKTENROT.TrrprroriT.im.t^Tr.^^ (SEQ" lb" NO- 20) 




25 



- group of pep Hrico 

20 SM5 (134-163) : QESKENEKALNELLEKTVKDKIAKEQENKE (SEQ ID NO -21) 
SMS (117-146): DLTKELNKTRQELANKQQESKENEKALNEL (SEQ ID NO -22) 
SMS (14-26): KEALDKYELENHD (SEQ ID NO: 23) 
SM6 (22-31) : DVENSMLQAN (SEQ ID NO: 24) 

SMS (55-84): LKTEKSNLERKTAELTSBKKEHEAENDKLKC (SEQ ID NO •25) 
SM24 (289-303) : HQKLEEQNKTSEASRC (SEQ ID N0:26) 

EXAMPLE 5 , 

mat adhPRln of f u r^t rU n^i isgla^ 

The following clinical isolates of E. coli were tested for 
adhesion class according to the methods described in Example 
^ ' KS - 54 ' U221 - 3 ' ^#9-3, MJ#31-3, MJ#ll-2, MJK2-2. 
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The results of these experiments are illustrated in Fig s 
^ae.cplained above, the isolate KB-23 showed the wF* Je of 
adhesion, and the isolate U221.3 expressed a M class adhesin 
showing a ^annose-resistant type of adhesion and according" 
thxs straxn was classified as having a. # class adhesin. 
Tn FIT" ^ d th 8e ^-- of these clinical isolates are shown 
n Fl9 ' 5 *** their A^leotide sequences in Table 5 below. 

TlllL7Z the nUCle0tide SeqUenCeS ° f the ^ ^nes of 
selected £lmH genes disclosed in Example 1 [ci#3 (SEO ID 

N0:50), CI#4 (SEQ ID NO-44) >T*7 m 

w u nv.W) CI#7 (SEQ ID N0-5:n pt#i n /o™ 

PC3la ^ . . " as the t0 P sequence designated . 

PC31a and the sequence as it was determined recently ,PC31b) 

S »;: 2) (SEQ ^^^ ^•^ ».«H S , and.p- 
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Tablets. Nucleotide sequences of the above flmH genes dis- 
closed xn Bxaapla a. B. coll B2 strain PC31 ,PC31a ana 

MT#31-3, MJ#11.2, MJ#2-2 and F-18. 



PC31* 

F-18 
KJ11-2 
CZ 4 
MJ22 
MJ9-3 
KJ31-3 
CI 10 
PC3H, 

CI 3 

CI 7 

KS54 

0221-3 

CI 12 



1094 



2 ™ ™ 2 «: 2 ™ « « -* « 5 « «c !f = » „ t 



L148 

££, = 2 = 2 2 2 2 2 2 = « 2 « « «= «. 



KJ11-2 

. CI 4 
MJ22 
KJ9-3 
KJ31-3 
CI 10 
PC31b 
CI 3 

CI 7 

XS54 

0221-3 

CI 12 



— — — »C — 



1202 

= 2 2 2 -2 5 -2-5 2 2 



1202 

PC31« 
F-18 

MJ11-2 . 

MJ31-3 r- - -~ ~ in zzz 2zz zz* *zz — ~ t — — ~- zzz i 

ks54 — ZZ^ HI ZZZ ZIZ Z -c- — ~Z ZZZ ZZZ ZZZ r" 

0221-3 , ^ZZ T "° -I 
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Table 5, continued 



1256 



KJ11-2 
CI 4 
HJ22 
MJ9-3 
KT31-3 
CI 10 
PC31b 
CI 3 

CI 7 

KS54 

U221-3 

CI 12 



1312 



ATT ACA GAC TAT nrr *n* * 

~ '± ~ -- ~ J" ™ T GGC GGC GTG TTA TOT 



PC31. 
F-1B 

KI11-2 — . ' — T 



KJ9-3 
HJ31-3 
CI- 10 
PC31h 
CI 3 
CI 7 



1366 



CI 12 

A" 1 ' 522 «* *CC«A AAA TAtASTGGC ACT AGC ^ 

jtnx-?. — — -a- !r S » *= c 

mi ~: ~: :*: ~- — — — -a- ~: ::: :~ :~ ~c — ~r — 

KJ9-3 ... _ __~ ~ ~ — -A . * ~c ~~~ "I 

pcjib ■ ~z m zrz z~ ~z ~ — — — — m zi. rzz ~z m nf ~~ T ~~ 

-A _ __ T __ c _ t 
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Table 5, continued 



EL - - *" = S - "f - - - STG 



1420 



CI 4 
MJ22 
MJ9-3 
KJ31-3 

CI 10 

PC3H) 

CI 3 — T — . 

CI 7 

KS54 „ 

0221-3 

CI 12 



-T- — G -Z III 



1474 " 

in in iz zi zif ~; — *~ "~ Ha in zi in izzzm 



K31b 
CI 3 
CI 7 
K554 
U221-3 
CI 12 



" ~ ~ G —A 11 III " 



1S28 



F-18 " WL * A *T TTG CGA CAG ACC Ahr — 

MJll-2 - Z ~ IT" — ~- ~- ^ TAT AAC AGC GAT GAT 



MJ22 
MJ9-3 
MJ31-3 
CI 10 
PCS lb 

CZ 3 

CI 7 

KS54 

0221-3 

CI 12 
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Table 5, continued 



1582 



r-ia 2 « «o xcc ^ ATT ^ _ 

«"' 2 :~ ~ - ::: ::: -~ -~ -~: :;: ~- -~ !1 8 g « 



MJ22 
HJ9-3 
MJ31-3 
CI 10 
PC3Ib 

CI 3 

CI ? 

KS54 

D221-3 

CI 12 



— C 

— C -■ 



*C3l 1636 . --C— - 

• OQCTGC GMGTTKrcCTCCT GAT GTC ' * - " 



*C32b — — .12 211 CIZ '112 ~" G 
KSS4 



-~- — -C- 
' -c- 



F „ ir GTG CCA ATT Ctt CTT ACC GTT 

KJll-2 H — . ~* !!! ™ ** GCG AAA AGC CAA AAC rrr 



CI 4 
KJ22 
MJ9-3 
MJ31-3 
CI 10 
PC32b 
CI 3 

CI 7 

K554 

TC21-3 

CI 12 



- — — — g """" " — - . 
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Table 5, continued 



PC31a 

... = ™ = «? 2 = ^ S = - -C » « TIC SCC AAT ACC „ 



1744 



MJ11-2 
CI 4 
MJ22 
MJ9-3 

r: " rj 3 = = --- ~ ~ = 2 5 5 i 5 - 

CI. ^ 

CI 7 

• 1852 

§L = = ~ = = =22 2 - 2 2 - - s « « = 



— A 



MJ9-3 
MJ31-3 
CI 10 
PC3lb 
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Tabl 5, continued 



1906 

£. !:rrr:"- = ~ ~ S = =■ - « - 



HJ31-3 
CX-IO 
PC31b 
CI 3 
CI 7 
ICS54 



I960 

£ r — 2 2 f ? 2 2% » <** 



PC31* 

F-18 
MJ11-2 
CI < 
MJ22 
MJ9-3 
KJ31-3 
CI 10 
PC31b 

ci 7 iz zi zi ~° — 

KS54 — . _ ~~ ' 

U221-3 w * 

CI 12 ~ 
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EXAMPLE 6 

Enrichma "'- iglesUflB p f g ££a in a _iavd 
POIlf erH no alhor qd artho^ on ahiUfy 

One mechanism whereby new binding activities of bacterial 
5 adhesins may arise is by random, naturally occurring mutage- 
nesis, in nature, a variety of factors would. enrich for 
strains that possessed adhesive capacities' conferring a 
selective advantage. In the present example an in vitro 
procedure was used to select for potential mutants with 

alter€d adheSive .^Pacity. As a target substratum bovine K - 
casein was selected. 

..casein is the glycosylated isoform of bovine ossein con- 

residues Ctein fining „, raln<) acid 

residues the seguenoe of which has been determined (ref . 68) 
Bovine .-ossein does not contain N-glycosldic linkers, bu 
up to si* o-linfced oligosaccharides are present in the c- 

inor^-" 910 " °' the TOle<:ule «. »). tte sacchari- 

tL! T ^ heterol °^ s «« vary as a function of 
true af er parturition. Of significance for the present study 
rs the fact that D-mannose is not present in the bovine <- 

acetyl" ca2 t di " containing galactose. N- 

I t "•♦^•^"cossn.ine, fucose and sialic 

acid have been described (ref cm r-i . 5 

s *rrh=^« scrioea (ref. 68). Glycoproteins having such 

saccharide compositions would not be expected to serve as a 

found ini, coli strain PC31. 

Adhesion tests were performed to verify the inability of 
r.comb.nant strains carrying the tim gene from B. Li 
sill I " adhere to i ™^' -casein. The E. coH 

pSLI ™°V HB1 ° 1 C ° ntaininJ plMmlaS P^US and 

PLPA22 (ref. 70). The adhesion assay was performed using 

sodium bicarbonate (pH 9.6) for 30 minutes, followed by 
blocking any remaining binding sites with a subsequent in- 
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cubation with 0.1% bovine serum albumin (BSA) in PBS A 
quantitative adhesin assay was performed as described in more 
detail elsewhere (ref. 71, . Briefly, bacteria were diluted to 
equivalent concentrations (5 x 10 7 cells/lOO/il) in PBS 
5 containing 0.1% BSA, added to coated microtiter wells for 30 
minutes at 37-c. After washing the wells thoroughly to remove 
unbound bacteria, BHX broth was added and the bacteria were 
allowed to grow at 37«C on a rotating platform (150 rpm) 
until the optical density could be measured (2-2.5 hours). 
10 Comparisons can be made of optical densities obtained in the 
test wells to those obtained in standard curves developed - 
from the plating of known numbers of bacteria under similar 
conditions, allowing extrapolation to absolute numbers of 
bound bacteria (ref . 70). 

15. . The KB1001 strain- .comprising the ximff gene from PC31 bound to 
immobilized mannan in significant numbers, but there was 
substantially no measurable adhesion to immobilized .-casein 
To select for possible mutant cells having acquired the 
ability to bind to -casein, cells of KB1001 were allowed to 
interact wxth -casein immobilized on microtiter Wells, After 
thorough washing to remove non-adhering bacterial cells, 
cells adhering to the wells were collected and grown over- 
night in BHI broth. These "enriched" bacterial cultures were 
again allowed to interact with immobilized K - casein, the 

broth. This enrichment cycle was repeated up to ten times. 
Bacterial cells obtained from the last of these cycles ("en- 
riched- strains) adhered to ,-casein in significantly in- 
creased numbers in comparison to the parent (-non- enriched-, 
strain (Table 6.1). individual colonies of "enriched" KB1001 
were isolated and four tested for ability to adhere to *- 
casein. Three enriched cultures (clones) bound to .-casein 
significantly better than did the non-enriched parent strain 



30 
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Table 5,7 . Ad^fipion ro rrW<n nf nnn . emHrha „ „ sarlsSsa * 



15 



5 Strain bacteria binding to 

k- casein 3 * 

Non-enriched KB1001 0.043 ± 0.018 - 

(pPKLUS + pLPA22) 

Enriched KB1001 0 . 249 ± g .004 

10 (pPKL115 + pLPA22) 

a) numbers represent optical density of bacterial growth ± 
S.D. with background O.D. substracted. N = 3. 

To determine whether the new adhesive activity was due to 
plasmid-related changes and not simply to host cell-related 
changes, plasmid preparations of pLPA22 were made from en- 

cLTLxo^ fr ° m n ° n - enriChed Strai - ■M u.ad to transform E. 
con hbioi contaxning the auxiliary plasmid pPKLUS. Randomly 
selected transf ormants resistant to ampicillin and chloram- 
phenicol were tested for adhesion to .-casein, and several of 
the transf ormants harbouring plasmids from enriched cultures 
adhered in significantly increased numbers relative to plas- 
mid -containing cells of the non-enriched parent strain (Table 

25 BlasalgB rm, easistej „ m „ r . r , n m rn i — 

Plasmid derived from: bin<Jing co 

*-casein a) 

Non-enriched KB1001 5 ± 0.1 x 10 3 

30 Enriched KB1001 c n ^ , c , n3 

50 + 1.5 X 10 J 



20 
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^numbers represent mean number of bacteria per well ± S . D . 

The^above results demonstrate that random, or spontaneous 
mutatxons xn genes coding for a bacterial adhesin that confer 

™ a t nSW T tratUm receptor moiety to which 

the parent straxn does not bind) , can be selected for by 

. appropriate in vitro procedures. 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 136£y) 



A. Tbc indications made below relate to the microorganism referred to in the description 



B. IDENTIFICATION OF DEPOSIT 



Further deposits are identified on an additional sheet jTT 



Name of depositary institution 
DSM-Deutsche Sammlung von Mikroorganismen und Zellkul turen GmbH 



Address of depositary institution ftnclu&ng postal code and country) 

Mascheroder Weg IB 
D-38124 Braunschweig 
Germany 



Date of deposit 

26 January 1994 



Accession Number 
DSM 8922 



C ADDITIONAL INDICATIONS (/we bUnk if not app^caSU) Th« information is continued on an additJonaJ sheet Q 



^ S ^ r ^ 9a f d f the res P e ctive Patent Offices of the respective desia- 
nated states, the applicants request that a sample IT^TdBml-' 
ted microorganisms only be made available to an^xpert nomiSSd 
\ regUeS u er Until date on which paten? is grafted or 



V. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE fffcM^^ notforcU^^) 



E- SPV^TCFUI^SHI NGOrt^ 



For receiving Office use only 



0 ibis sheet was received with tbc international application 



Authorized officer 



——— For Intcma'ional Bureau use only 
l~l 1d»s sheet was received by the International I 
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INDICATIONS RELATING TO DEPOSITED MICROORGANISMS 
(PCT Rule 12bis) 



10 



Additional sheet 

SSiSESS SS lun9 von Mikr ~^n isme „ und 

Mascheroder Wo 9 lb. D 38124 Braunschweig, Germany 
on the dates and under the accession nurrtoers as stated below: 



Accession Date of 
number deposit 



Description Description 
Page No. Line Nov . 



15 



20 



DSM 8915 
DSM 8916 
DSM 8917 
DSM 8918 
DSM. 8919 
DSM 1 8920 
DSM 8921 
DSM 8923 



26 January 1994 66 

26 January 1994 66 

26 January 1994 66 

26 January 1994 66 

26 January 1994 66 

26. January 1994 66 
26 January, 1994 . 66 

26 January 1994 66 



24 
24 
-24 
24 
24 
24 
25 
25 



'oLowLf a da?tfon°n1^«^ a ^-^ ^croor S anis,.s . the 



25 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(i) APPLICANT: 

(A) NAME: GX BioSystems A/S 

(B) STREET: Mothsvej 70 

(C) CITY: Holte 

(D) COUNTRY: Denmark 

(E) POSTAL CODE (ZIP) : 2840 

(ii) TITLE OF INVENTION: Receptor specific bacterial adhesins and 
their use * 

(iii) NUMBER OF SEQUENCES: 55 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS /MS -DOS * 

(D) SOFTWARE: Patentln Release fcl.O, Version #1.25 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

, (C) STRANDBDNESS: unknown 
(P) TOPOLOGY:- linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Aen Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 25 30 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Val 
35 40 45 . 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 60 

Cys His Asn Asp Tyr Pro Glu Thr lie Thr. Asp Tyr Val Thr Leu Gin 
65 70 75 8 o 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 no 
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Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
US 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala II Lye Ala Gly 
130 135 140 

Ser Leu lie Ala Val Leu lie Leu Arg Gin Thr Aen Asn Tyr Asn Ser 

145 . 150 155 / 160 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 
165 170 175 

Val Pro Thr Giy Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
180 185 • 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin , Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 , 215 220 

Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
225 2 30 235 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr He lie Pro Ala Ash 
245 250 255 

Asn Thr, Val, Ser Leu Gly Ala Val Gly Thr, Ser Ala Val - Ser Leu! Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 

275 280 ••- 285. 

Val Gin Ser He He Gly Val Thr Phe Val Tyr Gin . 
290 295 300 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) ~LE*romr 30" amino~lic£dB '~ ~ ~ — - --- "~ " ~~~ ~ J~ "" 

(B) TYPE: amino acid. 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Glu Ala Gin Gin Met Val Gin Pro Gin Ser Pro Val Ala Val Ser Gin 
1 5 10 15 

Ser Lys Pro Gly Cys Tyr Asp Asn Gly Lys His Tyr Gin He 
20 25 30 

(2) INFORMATION FOR SEQ ID NO : 3 : 
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(i) SBQOBNCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

(ii) MDLECULB TYPE: DMA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID 
GGGGGGTGCA CACCTACAGC TGAACCCGG 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS * 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID 
GGGGGTGCAC TCAGGGAACC ATTCAGGCA 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base p*irs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear " 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION : SEQ 
GGGTGCGCAT TATTGATAAA CAAAAGTCAC 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



29 



29 



30 
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(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO:7: 
GTCGACTTAA TTAATTAAGT CGAC 



(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS : 
„(A) LENGTH: 8 .base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic), 



(Xi)> SEQUENCE DESCRIPTION: SEQ ID NO: 
CAGATCTG . 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO : 9 : 
GAAGATCTTC 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



GGGGCATGCT TATTGATAAA CAAAAGTCAC 
(2) INFORMATION FOR SEQ ID NO:7: 



24 




(ii) MOLECULE TYPE: DNA (genomic) 



10 



m 



22 
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(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GATCCAGCTT TTTTCTGACT ATCGATATGC TGACTACCCG GAACTTCAAC A 51 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GGAGATCTAA TTCCACAACC TT 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 
GGAGATCTGT TCAGCGCAGG GT 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Glu Ala Gin Gin Met Val Gin Pro Gin Ser Pro Val Ala Val Ser Gin 
5 10 15 



22 
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Ser Lys Pro Gly Cys Tyr Asp Asn Gly Lys His Tyr Gin He 
20 25 " 30 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown' 
<D) TOPOLOGY: linear 



(ii) 



MOLE COLE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: 

Glu Glu Gly Lys Arg Gly Ala Arg Gly Glu Asx Gly Ala Ala Gly Pro 

1 ; - 5 .10 ";. 15 

Val Gly Pro Asx Gly Glu Arg Gly Ala Arg Gly Asn Arg 
20 , 25 

(2) INFORMATION FOR SEQ^ ID NO : 15 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 
' ■ , , (B) TYPE : amino acid 

(C) STRANDEDNESS : unknown 
; v (D) TOPOLOGY: ' linear' • •'. 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
Ala He Gin Asn He Arg Leu Arg His Glu Asn Lys Asp Leu 

1 _ • . 5 - _ iq^._._ 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: .. 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Arg Val Phe Pro Arg Gly Thr Val Glu Asn Pro Cys 

1 5 . 10 

(2) INFORMATION FOR SEQ ID NO: 17:: 



# 
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(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Asp His Ser Asp Leu Val Ala Glu Lys Gin Arg Leu Cys 

1 5 10. 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ala Glu Lys Gin Arg Leu Glu Asp Leu Gly Gin Lys Cys 
1 . 5 10 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Thr Val Lys Asp Lys Leu Ala Lys Glu Gin Cys 
1 5 10 

(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 



WO 95/20657 



WO 95/20657 . 

PCT/DK95700042 

95 

(ii) MDLECULE TYPE : peptide 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

? 6 Thr *** *** f G1 * «« Asn Glu Gly Leu Lye *> r 

: . 10 is 

Glu Asn Glu Gly Leu Lys Thr Glu Asn Glu Gly Cys 
20 25 
(2) INFORMATION FOR SEQ ID NO: 21: 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY :. linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

Gin Glu Ser Lys Glu Asn Glu Lys Ala Leu Asn Glu. Leu Leu Glu Lys 

r*r Val Lys Asp Lys lie Ala Lys. Glu Gin Glu Asn Lys Glu 

25 '30 

(2) INFORMATION FOR SEQ ID NO: 22 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

— - ■»■)- TOPOLOGY^-linear 1 — r — ~ 7. - ^ 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

Asp Leu l*r L ys Glu Leu Asn Lys Thr Arg Gin Glu Leu Ala Asn Lys 

10 • 15 

Gin Gin Glu Ser Lys Glu Asn Glu Lys Ala Leu Asn Glu Leu 

(2) INFORMATION FOR SEQ ID NO: 23: 



20 25 

^ 5 30 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 
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(D) TOPOLOGY: lin ar 
(±i) molecule TYPE: peptide 



(xi) SEQUKNCE DESCRIPTION: SEQ ID NO:23: 
Lys Glu Ala Leu Asp Lys Tyr Glu Leu Glu Asn His Asp 

(2) INFORMATION FOR SEQ ID NO: 24: 



4 

PCI7DK95/00042 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

Asp Val Glu Afln Ser Met Leu Gin Ala Asn 

• • • 

(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 amino acids 

(B) TTTE: amino acid 

(C) STUANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Leu Lys T*r Glu Lye Ser Asn Leu Glu Arg Lys Thr Ala Glu Leu Thr 
5 " 10 is 



Ser Glu Lys Lys Glu His Glu Ala Glu Asn Asp Lys Leu Lys Cys 
20 

(2) INFORMATION FOR SEQ ID NO:26: 



20 25 30 



(i) SEQUENCE CHARACTERISTICS: 

(A) 1 LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

His Gin Lys Leu Glu Glu Gin Asn Lys Thr Ser Glu Ala Ser Arg Cys 
1 5 10 15 



(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 
-(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Met Lys Arg Val lie Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 

1 _ 5 10 _ 1 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala lie 
20 25 30 

Pro lie Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin lie Phe 
50 55 60 

Cys His Asn Asp Tyr Pro Glu Thr lie Thr Asp Tyr Val Thr Leu Gin 
65 70 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 no 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie Lys Ala Gly 
130 135 140 

Ser Leu He Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 ISO 155 160 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 

165 170 '* 175' 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
180 185 190 



Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
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195 200 205 

Ala Lya Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 

Ala Gly Asn Ser He Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
225 230 235 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr He He Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 28S 

Val Gin Ser He He Gly. Val Thr Phe Val Tyr Gin 
290 .295 300 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUBNCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 

(B) TYPB: amino acid 

(C) STRANDEDNBSS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPB: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 25 30 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 60 

Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
65 70 7 S 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Ser Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Asn Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 110 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 125 
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Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala He Lys Ala Gly 
130 "5 ' 140 

Ser Leu lie Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 * 50 155 . 160 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 

165 170 175 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala Cys Asp Val Thr Val Thr 
18 ° 185 190 

Leu Pro Asp Tyr Pro Gly Ser Val' Pro He Pro Leu Thr Val Tyr Cys 
195 '200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 2 20 

Ala Gly Asn Ser He Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 

; 225 230 235 240 ' 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr He He Pro Ala Asn 
245 ^ 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
2fi0 265 270 

Leu Thr Ala. Asn Tyr Ala Arg' Thr- Gly .Gly Gin Val Thr Ala Gly Ash 
2? 5 280 285 

Val Gin Ser He He Gly Val Thr Phe Val Tyr Gin 
290 295 3 0 o 

) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRAN DBDNES S : unknown .. _ 

<D) TOPOLOGY: linear 

(il) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: ' ' 

Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 25 30 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 4 0 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 60 
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Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
65 ™ 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Ser Phe Ser Glu Thr Val 
85 90 95 

Lys Tyr Asn Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 

100 105. no 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 12 s 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala He Lys Ala Gly 
I 30 135 140 

Ser Leu He Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 ISO ' 155 i 60 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 
l fi 5 170 - 175 

Val Pro Thr Gly Gly Cya Asp Val Ser Ala Arg Asp Val Thr Val Thr 
I 80 185 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr Asp Ala Asp 
210 215 220 

Ala Gly Asn Ser He Phe. Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 

225 230 .235 .240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie He Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala ,V.g Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 

Val Gin Ser He "lie Gly Val Thr Phe Val Tyr Gin 
290 295 300 

(2) INFORMATION FOR SBQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid I 

(C) STRANDEDNBSS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
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Met Lys Arg Val He Asn Leu Phe Ala Val Leu Leu Met Gly Trp Ser 

1 5 10 15 . 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 25 30 

Pro lie Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin His Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 60 

Cys His Asn Asp Tyr 'Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
65 70 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Leu 
100 105 ' HO 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie Lys Ala Gly 
130 135 140 

Ser Leu lie Ala Val Leu He Leu Arg Gin Thr- Asn Asn Tyr Asn Ser 
145 150 155 160 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 
165 170 175 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
180 185 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
195 200 , 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 

Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
225 230 235 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr He lie Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 



Val Gin Ser He He Gly Val Thr Phe Val Tyr Gin 
290 295 300 



(2) INFORMATION FOR SEQ ID NO: 31: 




WO 95/20657 1^*" ■ PCT/DK95/00042 

102 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 296 amino acids 

(B) TYPB: amino acid 

(C) STRANDBDNBSS : unknown 

(D) TOPOLOGY: linear 

(ii), MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Met Lys Arg Val lie Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 io — 



15 



Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 25 30 

Pro. He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 6 o 

Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
65 70 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 no 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Lys Ala Gly Ser Leu He Ala 
130 135 140 

Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser Asp Asp Phe Gin 
145 150 155 ' i6o. 

Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val Val Pro Thr Gly 
165 170 175 

Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr Leu Pro Asp Tyr 
180 las i 90 ' ^ 

Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys Ala Lys Ser Gin 
. I 95 200 205 

Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp Ala Gly Asn Ser 
210 215 220 



He Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin Gly Val Gly Val 
225 23 ° 235 2 40 

Gin Leu Thr Arg Asn Gly Thr He He Pro Ala Asn Asn Thr Val Ser 
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245 250 255 

Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly Leu Thr Ala Aan 

" J 265 270 

Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn Val Gin Ser lie 
27 5 280 285 

lie Gly Val Thr Phe Val Tyr Gin 
290 295 

(2) INFORMATION FOR SEQ ID NO: 32 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 300 amino acids . . 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown , 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:; " ' - . 

Met Lys Arg Val lie Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala lie 
20 25 30 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Val 
35 40 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 

50 55 ; 60 

Cys His Asn Asp Tyr. Pro Glu Thr He Thr Asp Tyr Val Thr Arg Gin 

- -* 5 70 .....J^^^.^s— - 80 - 

•: 

Arg Gly Sar Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 90 95 

Lye Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 Ho 

Arg Val Val Tyr Aan Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 > 12S 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie Lys Ala Gly 
130 135 .140 

Ser Leu lie Ala Val Leu lie Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 150 155 iso 

Asp Asp Phe Gin Phe Val Trp Asn lie Tyr Ala Asn Asn Asp Val Val 
165 170 175 
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Val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr. 
130 X85 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro lie Pro Leu Thr Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 

Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
225 230 235 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr He lie Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 

Val Gin Ser lie lie Gly Val Thr Phe Val Tyr Gin 
290 295 300 

(2) INFORMATION FOR SBQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRAND EDNBSS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide ■ 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Met Lys Arg Val lie Asn Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 25 30 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 60 

Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
65 70 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 90 95 



Lys Tyr Ser Gly 
100 



Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu 
105 no 



Thr Pro 



■ - ■ L 

WO 95/20657 ^ ™ 

PCT/DK95/00042 

105 



Arg val Val Tyr Am S.r Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 

120 125 
TVr Lau ^ Prt) y al ser «, Gly Gly valval ne LyBAla 

135 140 
Ser Leu lie Ala Val Leu lie Leu Arg Gin Thr Asn Asn Tyr Asn Ser 

Asp Asp Phe Gin Phe Val Trr> Asn ll« -iw »i. » 

^ ie ^ Ala Asn Asn Asp Val Val 

165 "0 175 

Val Pro Thr Gly /Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 

185 190 

Leu Pro Asp Tyr Pro Gly. Ser Val Pro lie Pro Leu Thr Val Tyr Cys 

200 205 
Ala Lys Ser Gin Asn Leu Gly ryr Tyr Leu Ser Gly Thr His -Ala Asp 

1 ^X5 220 

Ala Gly Asn Ser He Ph e Thr Asn Thr Ala Ser P he Ser Pro Ala Gin 

230 • 23 = 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie lie Pro Ala Asn 
' 250 255 

*° a 7t * % ™ y -r Ser Ala. Val. Ser. Lau.GL. 

265 270 ' ' 

»r „. „ lyr Ala Arg Thr Gly Gl y 01n v.l ^ Ua 01y „„ 

280 285 
Val Gin Ser lie lie Gly Val Thr Phe Val.Tyr Gin 



300 



295 

(2) INFORMATION FOR SEQ ID NO: 34: 

...... . ( A ! '.^^fH'^^-aJARACTKRISTICS:---.-.. ~ — • - - - - 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRANDBDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MDLECOLE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Met Lys Arg Val lie Thr Leu Phe Ala Val Leu leu Met Gly Trp Ser 

10 IS 
Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 

25 30 
Pro I le Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 



40 „ 
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Val Asn Vol Gly Gin Asn Leu Vol Val Asp Leu Ser Thr Gin He Phe 
50 55 60 

Cys His Asn Asp Tyr Pro Glu Thr lie Thr Asp Tyr Val Thr Leu Gin 
65 70 . 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Ser Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Asn Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
xo ° 105 . 110 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 
115 120 i2S 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala He Lys Ala Gly 
130 "5 140 

Ser Leu lie Ala Val Leu lie Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 150 155 ico 

Asp Asp Phe Gin Phe Val Trp Asn lie Tyr Ala Asn Asn Asp Val Val 
165 170 175 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
180 185 wo 

Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
19S 200 205 

Ala Lys Sjr'Gln Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 



Ala Gly A-,n Ser He Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala 



225 



230 235 



Gin 
240 



Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr He He Pro Ala . Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
2S0 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 

Val Gin Ser He He Gly Val Thr Phe Val Tyr Gin 
290 295 300 

(2) INFORMATION FOR SBQ ID NO: 35: 

(i) SBQOSNCB CHARACTERISTICS: 

(A) LENGTH : 300 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLE COLE TYPE: peptide 
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(xi) SEQDKNCE DESCRIPTION: SEQ ID NO:35: 

Met Lys Arg Val He Ihr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 



10 



15 



Val Asn Ala Trp Ser Phe Ala Cys Lye Thr Ala Asa Gly Thr Ala lie 
20 25 30 



Pro .Gly Gly Gly Ser Ala Aim Val Tyr Val Asn Leu Ala 



35 



40 



Pro Ala 



45 



Val Asn Val Gly Gin Asn Leu Val Val Asp Leu Ser Thr Gin lie Phe 

" " 55 60 

Cys His Asn Asp Tyr Pro Glu Thr lie Thr Asp Tyr Val Thr Leu Gin 
°° 70 



75 



SO 



Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser ash Phe Ser Gly Thr VaJ 

85 90 95. 

Lye Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 

Arg val Val Tyr Asn Ser Arg Thr Asp Ly S Pro Trp Pro Val Ala. Leu 
■ 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly. Val Ala lie, Lys Ala Gly 
- _ ... 135 140 

Ser Leu lie Ala Val Leu lie Leu Arg Gin Thr Asn Asn Tyr Asn Ser 

150 155 ' 160 

Asp Asp Phe Gin Phe Val Trp Asn lie Tyr Ala Asn Asn Asp Val Val 
165 



170 



175 



_Val Pro^ Gly,Gly~ey S ' Asp~Var SelTAla His As^) Val Thr Vai~ 



185 



Thr 



190 



Leu Pro Asp Tyr Pro Gly Ser val Pro He Pro Leu Thr" Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 



220 



Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 

Z3U 



235 240 



Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie lie Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly 
275 280 

Val Gin Ser lie lie Gly Val Thr Phe Val Tyr Gin 



Asn 

285 
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290 295 
(2) INFORMATION FOR SBQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: linear 

(ii) molecule TYPE: peptide 




PCT/DK95/00042 



300 



(xi) SEQUENCE DESCRIPTION: SBQ ID NO: 36: 

Met Lys Arg Val lie Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 
20 .25 30 

Pro lie Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Aan Val Gly Gin Asn Leu Val Val Asp 1 Leu Ser Thr Gin He Phe 
50 55 . 60 

Cys His Aem Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 
65 70 75. eo • 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser ABn Phe Ser Gly Thr Va? 

85 .90 , 95 

Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pr-j 
100 105 no 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Arg 
US 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie Lys Ala Gly 
I 30 135 140 

Ser Leu He Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 . 150 155 160 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala Asn Asn Asp Val Val 
165 170 175 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala Arg Asp Val Thr Val Thr 
I 80 185 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
195 200 205 " 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 
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Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 

230 235 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie He Pro Ala Asn / 

245 250 25S 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser. Leu Gly 

* JV 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn ■ 

280 285 



Val Gin ser He lie Gly Val Thr Phe Val Tyr Gin 
290 295 300 

(2) INFORMATION FOR SEQ ID NO:37: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 

(B) type: amino acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

'( i i ) MOLECULE TYPE : peptide 



Cxi) SEQUENCE DESCRIPTION: SEQ ID NO": 3 7 : 

»et Lys Arg val lie Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 

10 15 ■ 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala He 

■ . 25 ... 30 

Pro lie Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 

Val Aan-Val Gly-Gln-Asn-Leu val Val Asp Leu-'Ser Thr GlVlle Ph7 

55 • 60 

Cys His Asn Asp Tyr Pro Glu Thr lie Thr Asp Tyr Val Thr Leu Gin 

70 7 5 , 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 

90 95 
Lys Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 

105 110 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 

120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie' Lys Ala Gly 



135 140 



Ser Leu He Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 



150 



155 



160 
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Asp Asp Phe Gin Phe Val Txp Aen lie Tyr Ala Asn Asn Asp Val Val 
!65 170 175 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala His Asp Val Thr Val Thr 
180 . 185 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro lie Pro Leu Thr Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 

Ala Gly Asn Ser He Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
225 230 235 240 

Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie He Pro Ala Asn' 
245 250 255 

Asn Thr . Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Aen Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 

Val Gin Ser lie He Gly Val Thr Phe Val Tyr Gin 
290 295 300 

(2) INFORMATION FOR SBQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unkuown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 38: 

Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 is 

Val Asn Ala Trp Ser Phe Ala Cys Lye Thr Ala Asn Gly Thr Ala He 
20 25 30. 

Pro He Gly Gly Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin Asa Leu Val Val Asp Leu Ser Thr Gin He Phe 
50 55 go 

Cys His Asn Asp Tyr Pro Glu Thr He Thr Asp Tyr Val Thr Leu Gin 



6S ™ 75 



80 



Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Asn Phe Ser Gly Thr Val 
85 go 95 
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Lye Tyr Ser Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 110 

Arg Val Val Tyx Asn Ser Arg Thr Asp Lys Pro Trp Pro Val ^ Ala Leu 
115 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie Lye Ala Gly 
130 135 140 

Ser Leu He Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 . 150 155 160 

Asp Asp Phe Gin Phe Val Trp Asn He Tyr Ala -Asn Asn Asp Val Val 
165 170 175 

Val Pro Thr Gly Gly Cys Asp Val Ser Ala His Asp Val Thr Val Thr 
180 185 190 

Leu - Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp . 
210 215 220 

Ala Gly Asri Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 
225 230 235 240 

Gly Val Gly, Val Gin Leu Thr Arg Asn Gly Thr lie He Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 265 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 

Val Gin Ser lie He Gly Val Thr Phe Val Tyr Gin 
. 290 295 300 



|2) ~INF0RMATI0N~FOR SEQ~ID NOT39 : ' ~ 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRAND ED NESS : unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

Met Lys Arg Val He Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 
1 5 10 15 

Val Asn Ala Trp Ser Phe Ala Cys Lys Thr Ala Asn Gly Thr Ala lie 
20 25 30 



1 
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Pro He Gly Gly Gly Ser Ala Asa Val Tyr Val Asn Leu Ala Pro Ala 
35 40 45 

Val Asn Val Gly Gin Asn Leu Val Val Asp Leu S r Thr Gin He Phe 

. 50 S5 60 

Cys His Asn Asp Tyr Pro Glu Thr lie Thr Asp Tyr Val Thr Leu Gin' 
65 70 75 80 

Arg Gly Ser Ala Tyr Gly Gly Val Leu Ser Ser Phe Ser Gly Thr Val 
85 90 95 

Lys Tyr Asn Gly Ser Ser Tyr Pro Phe Pro Thr Thr Ser Glu Thr Pro 
100 105 no 

Arg val Val Tyr Aan Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu ' 
115 120 125 

Tyr Leu Thr Pro Val Ser Ser Ala Gly Gly Val Ala lie Lys Ala Gly 
"0 • 135 i 40 

Ser Leu lie Ala Val Leu He Leu Arg Gin Thr Asn Asn Tyr Asn Ser 
145 150 155 leo 

Asp Asp Phe Gin Phe Val Trp Asn lie Tyr Ala Asn Asn Asp Val Val ' 
165 . 170 i 75 



Val Pro Thr Gly Gly Cys Asp Ala Ser Ala Arg Asp Val Thr Val Thr 
180 185 V 190 

Leu Pro Asp Tyr Pro Gly Ser Val Pro He Pro Leu Thr Val Tyr Cys 
195 200 205 

Ala Lys Ser Gin Asn Leu Gly Tyr Tyr Leu Ser Gly Thr His Ala Asp 
210 215 220 



Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 

240 



225 230 235 



Gly Val Gly Val Gin Leu Thr Arg Asn Gly Thr lie He Pro Ala Asn 
245 250 255 

Asn Thr Val Ser Leu Gly Ala Val Gly Thr Ser Ala Val Ser Leu Gly 
260 26S . 270 

Leu Thr Ala Asn Tyr Ala Arg Thr Gly Gly Gin Val Thr Ala Gly Asn 
275 280 285 

Val Gin Ser He He Gly Val Thr Phe Val Tyr Gin 
290 2 95 300 

INFORMATION FOR SBQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 300 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY : linear 
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(li) MOLECULE TYPE : peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

Met Lys Arg val lie Thr Leu Phe Ala Val Leu Leu Met Gly Trp Ser 

" 10 15 

Val. Asn Ala Trp Ser. Phe Ala. Cys Lys.Thr- Ala Asn Gly Thr Ma He 

25 30 
Pro lie Gly „ y Gly Ser Ala Asn Val Tyr Val Asn Leu Ala Pro Ala 

40 45 

v.1 Jj. v,i Gly Gln Vil val „ p ^ s „ ^ Gla jie 

Cys His Asn Asp. Tyr Pro Glu Thr lie Thr Asp Tyr Val Thr Leu Gin 

75 ,80 
^ ^ ^ er Ala Tyr Gly Asp Val Leu Ser Serine Ser Gly Thr Val 

90 95 

^ ^ ^ Hi *» »» -6 Thr Thr Ser Glu Thr Pro 

105 no 

Arg Val Val Tyr Asn Ser Arg Thr Asp Lys Pro Trp Pro Val Ala Leu 

120 125 

S" 1 proval *•* «• «'%™ ».•«. , y = «. 01y 

* " 5 140 

S " u 116 w * val -*s Ile leu « a™ ^ * Se ; 

3U ice 

lbi> 160 

... -P «, «, £ va; -T^.^-^-^.^..^^-^ ^ :.- 

170 175 

«. .» G l y c,. Aap Ala S « Ala Arg Asp Val Tsr v.l ^ 

185 190 
^ *rp Asp ryr Pro Gly S « « ^ ^ ^ ^ 

200 205 
«a L y . ser Gln teu ^ ^ ^ ^ ^ ^ ^ ^ 

215 220 
Ala Gly Asn Ser lie Phe Thr Asn Thr Ala Ser Phe Ser Pro Ala Gin 

230 "5 240 

Gly val c-ly Val Gin Leu Thr Arg Asn Gly T„r lie lie Pro Ala Asn 

250 m 255 

Asn Thr Val Ser Leu Glv Ala v*7 m, ^ „ 

260 y Thr Ser Ma Val s er Leu Gly 

265 27Q 

Leu Thr Ala Asn Tyr Ala Ar g Thr Gly Gly Gin Val Thr Ala Gly Asn 
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275 280 285 

Val Gin Ser He He Gly Val Thr Phe Val Tyr Gin 
290 295 300 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) , LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 60 
TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 
GTTTATGTAA ACCTTGCGCC CGTCGTGAAT GTGGGGCAAA ACCTGGTCGT GGATCTTTCG 
ACGCAAATCT TTTGCCATAA CGATTATCCG GAAACCATTA CAGACTATGT CACACTGCAA 240 
CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC V 300 
AGTAGCTATC CATTTCCTAC CACCAGCGAA ACGCCGCGCG TTGTTTATAA TTCGAGAACG 360 
GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGC'^GG CGGGGTGGCG 
ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCVXAA CTATAACAGC 
GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATG ATGTGGTGGT GCCTACTGGC 
GGCTGCGATG TTrCTGCTCG TGATGTCACC GTTACTCTGC CGGACTACCG TGGTTCAGTG 
CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC ' TGGGGTATTA CCTCTCCGGC 
ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCGTTTTC ACCTCCACAG 
GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTCAGT CTGGGATTAA CGGCAAATTA TGCACGTACC 
GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 



(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 bas pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



120 
180 



420 
480 
54 0 
600 
660 
720 
780 
840 
900 
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(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTCG 
TCATTCGC CT GTAAAACCGC CAATGGTACC GCAATCCCTA TTGGCGGTGG CAGCGCCAAT 
GTITATGTAA ACCTTGCGCC TCCCGTGAAT GTGGGGCAAA ACCTGGTCGT AGATCTTTCG 
ACGCAAATCT TTTGCCATAA CGA1TACCCA GAAACCATTA CAGACTATGT CACACTGCAA 
CGAGGTTCGG CTTATGGCGG CGTGTTATCT AGTTOTCCG GGACCGTAAA ATATAATGGC 
AGTAGCTATC CTTTCCCTAC TACCAGCGAA ACGCCGCGGG TTGTTTATAA TTCGAGAACG 
GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCGGTGA GCAGTGCGGG GGGAGTGGCG 
ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTITGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTTTGTGTG GAATATTTAC GCC^TAATC ATGTGGTGGT TCC^CTCGC ' 
GGCTGCGATG TTTCTGCTCG TGATGTCACC GTTACTCTGC CGGACTACCC TGGTTCAGTG 
CCGATTCCTC TlACOGTTTA TTCTGCGAAA AGCC^AAACC TGGGGTATTA CCTCTCCGGC 
ACACACGCAG ATGCGGGCAA " ^ 

GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC GAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC 
GGAGGGCAGG TGACTGGAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 

_.{2)_ INFORMATION- FOR SEQ- ID NO: 43 : ' - — 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 
TCATTCGCCT GTAAAACCGC CAATGGTACC GCAATCCCTA TTGGCGGTGG CAGCGCCAAT 
GTTTATGTAA ACCTTGCGCC TGCCGTGAAT GTGGGGCAAA ACCTGGTCGT AGATCTTTCG 
ACGCAAATCT TTTGCCATAA CGATTACCCA GAAACCATTA CAGACTATGT CACACTGCAA 



60 
120 
180 
240 
300 
■ 360 

420 

480 
540 
600 
. 660 

720 . 

780 

840 . 

900 



60 
120 
180 
240 
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coaggttcgg cttatggcgg cgtgttatct s ottittc co ggaccgtaaa atataatggc 300 

AOTAOCTATC CTTTCCCTAC TACCAGCGAA ACGCOGCGGG TTGTTTATAA TTCGAGAACG 360 
GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCGGTGA GCAGTGCGGG GGGAGTGGCG 420 
ATTAAAGCTG GCTCATTAAT TGCCOTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 480 
GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATC ATGTGGTGGT GCCCACTGGC 540 
GGCTGTGATG CTTCTGCTCG TGATGTCACC GTTACTCTGC CGGACTACCC TGGTTCAGTG 600 

CCGATTCCTC TTACOGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTATCCGGC 660 

ACACATGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCX5TTTTC ACCCGCGCAG 720 

GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG ' 780 

TTAGGAGCAG TAGGGACTTC GGCGGTGAGT CTGGGATTAA CGGCAAATTA TGCACGTACC 840 

GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTA1TG GCGTGACTTT TGTTTATCAA 900 

(2) INFORMATION FOR SBQ ID NO.-44': 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND KDNBS S : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SRQOENCE DESCRIPTION: SEQ ID NO:44: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 60 

TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 120 

GTTTATGTAA ACCTTGCGCC TGCCGTGAAT GTGGGGCAAA ACCTGGTCGT GGATCTTTCG ISO 

ACGCAAATCT TTTGCCATAA CGATTACCCG GAAACCATTA CAGACTAIXST CACACTGCAA 240 

CGAGGTTCGG CTTATGGCGG CGTGTTATCT AGTTTTTCCG AGACCGTAAA ATATAATGGC 300 

AGTAGCTATC CTTTCCCTAC TACCAGCGAA ACGCOGCGGG TTGTTTATAA TTCGAGAACG 360 

GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG GGGAGTGGCG 420 

ATTAAAGSTTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 480 

GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATC ATGTGGTGGT GCCCACTGGC 540 

GGCTGTGATG TTTCTGCTCG TGATGTCACC GTTACTTTGC CGGACTACCC TGGTTCAGTG 600 

CCGATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 660 



WO 95/20657 

PCI7DK95/00042 

117 



ACAGACGCfiG ATGCGGGCAA CTCGATCTTC ACCAATACCG CGTCGTTTTC AOTOCACAG 
GGCSTCGOCG TACAGTTGAC GCGCAACGGT ACGAXTATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC 
GGAGGGCAGG TGACTCCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 

(2) INFORMATION FOR SEQ ID NO: 45; - - • - r - 

(i) SBQDENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(Xij- SEQUENCE "DESCRIPTION: SEQ ID NO: 45: " '- 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 
TCATTCGCCT GTAAAACCGC CAATGGTACC GCAATCCCTA TTGGCGGTGG CAGCGCCAAT 

GTTTATGTAA ACCTTGCGCC tgccgtgaat gtggggcaaa acctggtcgt AGATCTTTCG . 

ACGCAAATCT TTTGCCATAA CGATTACCCA GAAACCATTA CAGACTATGT CACACTGCAA " 
CGAGGTTCGG CTTATGGCGA CGTGTTATCT AGTTTTTCCG GGACCGTAAA ATATAATGGC 
AGTAGCTATC CTTTCCCTAC TACCAGCGAA ACGCCGCGGG • TTGTTTATAA TTCGAGAACG 
^AAGCCGT GGCCGGTGGC '.^J^^ GGGAGTGGCG. _'. 
ATTAAAGCTG GCTGATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATG ATGTGGTGGT GCCCACTGGC 
GGCTGTGATG TCTCTGCTCG TGATGTCACC GTTACTCTGC CGGACTACCC TGGTTCAGTG 
CCGATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TCGGGTATTA CCTATCCGGC 
ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCGTTTTC ACCCGCGCAG 
GGCGTCGGCG TACAGITGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC 
GGAGGGCAGG TGACCGCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 

(2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDBDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPe': DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATCG GCTGGTCGGT AAATGCCTGG 60 
TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATTCCTA TTGGCGGTGG CAGCGCTAAT 
GTTTATGTAA ACCTTGCGCC TGCCGTGAAT GTCGGGCAAA ACCTGGTCGT AGATCTTTCG 
ACGCAAATCT TTTGCCATAA CGATTATCCG GAAACCATTA CAGACTATGT CACACTGCAA 
CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC 
AGTAGCTATC CATTCCCGAC TACCAGCGAA ACGCCGCGGG TTGTTTATAA TTCGAGAACG 
GATAAGCCGT GGCCGGTGGC GCITTATTTG ACGCCTCTCA GCAGTGCGGG TGGGGTGGCG 
ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTTTGTCTG GAATATTTAC GCCAATAATC ATCTT3GTGGT GCCTACTCGC 
GGCTCCGATG TTTCTGCTCA TGATGTCACC GTTACTCTGC CGGACTACCC TCGTTCAGTC 
CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 
ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCGTTTTC ACCAGCGCAG 
GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC 
GGAGGGCAGG TGACTCCAGG GAATCTCCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 



(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 baBe pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4 7: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATCG GCTGGTCGGT AAATGCCTGG 
TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATTCCTA TTGGCGGTGG CAGCGCTAAT 
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GTTTATGTAA JUXTTCCGCC TGCCGTGAAT GTGGGGCAAA ACCTGGTCGT AQAT CTTTC G 180 

ACGCAAATCT TTTCCCATAA CGATTATCCG GAAACCATTA CAGACTATGT CACACTGCAA 240 

CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC 300 

AGTAGCTATC CATTTCCGAC TACCAGCGAA ACGCCGCGGG TTGTTTATAA TTCGAGAACG 360 

GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG TGGGGTGGCG 420 

ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 480 

GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATG ATGTGGTGGT GCCTACTGGC 540 

GGCTGCGATG TTTCTGCTCA TGATGTCACC GTTACTCTGC CGGACTACCC TGGTTCAGTG 600 

CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 660 

ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCGTTTTC ACCAGCGCAG 720 

GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 780 
TTAGGAGCAG.TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC . 840 

GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 900 

(2) INFORMATION FOR SEQ ID NO:48: ' - - • 

(i) SEQUENCE CHARACTERISTICS : ~ 

(A) LENGTH : 888 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 60 

TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 120 

GTTTATGTAA ACCTTGCGCC CGCCGTGAAT GTGGGGCAAA ACCTGGTCGT GGATCTITCG 180 

ACGCAAATCT TTTGCCATAA CGATTATCCG GAAACCATTA CAGACTATGT CACACTGCAA 240 

CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC 300 

AGTAGCTATC CATTTCCTAC CACCAGCGAA ACGCCGCGCG TTGTTTATAA TTCGAGAACG 3 60 

GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG TAAAGCTGGC 420 

TCATTAATTG CCGTGCTTAT TTTGCGACAG ACCAACAACT ATAACAGCGA TGATTTCCAG 4 80 

TTTGTGTGGA ATATTTACGC CAATAATGAT GTGGTGGTGC CTACTGGCGG CTGCGATGTT 540 
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TGTCCTCGGG ATGTPCACCGT; TACTCTGCCG GACTACCCTG ' GTTCAGTGCC AATTCCTCTT 600 

ACCGTTTATT GTGOGAAAAG CCAAAACCTG GGGTATTACC TCTCCGGCAC ACACGCAGAT 660 

GCGGGCAACT CGATTTTCAC CAATACCGCG TCGTTTTCAC CTGCACAGGG CGTCGGCGTA 720 

CAGTTCACGC GCAACGGTAC GATTATTCCA GCGAATAACA CGGTATCGTT AGGAGCAGTA 780 

GGGACTTCGG CGGTGAGTTT GGGATTAACG GCAAATTATG CACGTACCGG AGGGCAGGTG 840 

ACTGCAGGGA ATGTGCAATC GATTATTGGC GTGACTTTTG TTTATCAA 8 88 
. (2) INFORMATION FOR SEQ ID NO:49 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
IP) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 
ATGAAACGAG TTATTACCCT GTTTGGTGTA CTOCTGATGG GCTGGTCGGT AAATGCCTGG 60* 
TCATr „ CGC l CT ^^9^^*^ GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 120 

GTTTATGTAA ACCITGCGCC CCTCGTGAAT GTXiGGGCAAA ACCTGGTCGT GGATCTTTCG 
ACGCAAATCT TTTGCCATAA CGATTATCCG GA AACCATTA CAGACTATGT CACACTGCAA 
CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC 
AGTAGCTATC CATTTCCTAC CACCAGCGAA ACGCCGCGCG TTGTTTATAA TTCGAGAACG 
GATAAGCCGT GGCCGGTGGC GCTTIATTTG ACGCCTGTGA GCAGTGCGGG CGGGGTGGCG 
ATTAAAGCTG GCTCATTAAT TGCCGTCCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTTTGTGTG GAAXATTTAC GCCAATAATG ATGTGGTGGT GCCTACTGGC 
GGCTGCGATG TTTCTGCTCG TGATGTCACC GTTACTCTGC CGGACTACCC TGGTTCAGTG 
CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 660 
ACACACGCAG ATGCGGGCAA CTCGATXTTC ACCAATACCG CGTCGTTTTC ACCTCCACAG 720 
GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGAATATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTGAGT CTGGGATTAA CGGCAAATTA TGCACGTACC 
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GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 900 
(2) INFORMATION FOR SEQ ID NO: 50: 
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(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQIDNO:S0: ' 
ATGAAACGAG TTATTAACCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 
TCATTCGCCT GTAAAACCGC CAATGGCACC GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 
GTTTATGTAA ACCTTGCGCC CGCCGTGAAT GTGGGGCAAA ACCTGGTCGT GGATCTTTCG 
ACGCAAATCT TTTGCCATAA CGATTACCCG GAAACCATTA CAGATTATGT CACACTGCAA 
CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC 
AGTAGCTATC CATTTCCGAC CACCAGTGAA ACGCCGCGGG TTGTTTATAA TTCGAGAACG 
GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG CGGGGTGGTG 
ATTAAAGCTG GCTCATTAAT TGCOGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATG ATGTGGTGGT (KCCACTGGC 
GGCTGCGATG TTTCTGCTCG TGATGTCACC (HTACTCTGC CGGACTACCC TGGTTCAGTG 
CCGATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 
ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCGTTTTC ACCTQCACAG 
..-^CGTCC^G^ 

TTAGGAGCAG TAGGGACTTC GGCGGTAAGT CTQGGATTAA CGGCAAATTA CGCACGTACC 
GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTATTG COGTGACTTT TGTTTATCAA 
(2) INFORMATION FOR SBQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single ' 

(D) TOPOLOGY: linear 

(ii) MOLECULE, TYPE: DNA (genomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:5l: 
ATGAAACGAG TTATTAACCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 
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TCATTCGCCT GTAAAACCGC CAAT60CACC OCTKTCCCTA TTQGCGGTGG CAGCGCCAAT 120 
GTTTATGTAA ACCTTGCGCC CX5CCGTGAAT GTGGGGCAAC ACCTOOTCOT AOATCTTTCG 180 
ACGCAAATCT TTTGCCATAA CGATTACCCG GAAACCATTA CAGACTATGT CACACTGCAA 240 
CGAGGTTCGG CTTATGGCGG CGTGTTATCT MTTTTTCCG GGACCGTAAA ATATAGTGGC 300 
AGTAGCTATC CATTTCCTAG CACCAGCGAA ACGCTGCGGG TTGTTTATAA TTCGAGAACG 360 
GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG CGGGGTGGCG 
ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATG ATGTGGTGGT GCCTACTGGC 
GGCTGCGATG TTTCTGCTCG TGATGTCACC GTTACTCTGC CGGACTACCC TGGTTCAGTG . 
CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 
ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CCTCGTTTTC ACCAGCGCAG 
GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGGGGTAAGT CTCGGATTAA CGGCAAATTA CGCACGTACC 
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GGAGGGCAGG TGACTGCAGG GAATQTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 900 

(2) INFORMATION FOR SEQ ID NO: 52 : 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 60 

TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATCCCTA TTC3GCGGTGG CAGCGCTAAT 120 
GTTTATGTAA ACCTTGCGCC TGCCGTGAAT GTGGGGCAAA ACCTGGTCGT AGATCTTTCG ■ 180 

ACGCAAATCT TTTGCCATAA OGATTATCCG GAAACCATTA CAGACTATGT CACACTGCAA 240 

CGAGGCTCGG CTTATGGCGG CGTGTTATCT AATTTTTCCG GGACCGTAAA ATATAGTGGC 300 

AGTAGCTATC CATTTCCGAC TACCAGCGAA ACGCCGCGGG TTGTTTATAA TTCGAGAACG 360 

GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG TGGGGTGGCG 420 

ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 480 
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GATGATTTCC JU3TTTGTGTC GAATATTCAC GCCAATAATG ATGTOGTGGT GCCTACTCGC 540 

C3GCTGCGATG 1TTCTGCTCA TGATCTCACC GTTACTCTGC CGGACTACCC TXKHTCAOTC 600 

CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGQC 660 

ACACACC3CAG ATX5CGGGCAA CTCGATTTTC ACCAATACCG CGTCXTTTTTC ACCAGCGCAG 720 

GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 780 

TTAGGAGCAG TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC ' 840 

GGAGGGCAGG TGACTGCAGG GAATGTGGAA TCGATTATTG GCGTGAGTTT TGTTTATCAA 900 

(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear . '.- . _ . 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:53: 
ATGAAACGAG TTATTACCCT GTTTGCTGTA CTCCTCATGG GCTGGTCGGT AAATGCCTGG 
TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 
GTTTATGTAA ACCTTGCGCC CGCCGTGAAT GTGGGGCAAA ACCTGGTCGT GGATC1TTCG 
ACGCAAATCT TTTGCCATAA CGATTATCCG GAAACCATTA CAGACTATGT CACACTGCAA 
CGAGGCTCGG ^n^ATOCSCGG CGTCTTATCT AATTTrTCCG GGACCGTAAA ATATAGTCGC 
AGTAGCTATC CATTTCCTAC CACCAGCGAA ACGCCGCGCG TTCTTTATAA TTCGAGAACG 
GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG CGGGGTGGCG 
ATTAAAGCTG GCTCATTAAT TCCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 
GATGATTTCC AGTOPGTGTG GAATATTTAC GCCAATAATG ATGTOGTGOT GCCTACTCGC 
GGCTGCGATG TTTCTGCTCG TGATGTCACC GTTACTCTGC CGOACTACCC AGGTTCAGTG 
CCAATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTATTA CCTCTCCGGC 
ACACACGCAG ATGCGGGCAA CTCX3ATTTTC ACCAATACCG CGTCGTTTTC ACCTGCACAG 
GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCGAATAA CACGGTATCG 
TTAGGAGCAG TAGGGACTTC GGCGGTGAGT CTGGGATTAA CGGCAAATTA TGCACGTACC 
GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 
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(2) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 900 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 

ATGAAACGAG TTATTACCCT GTTTGCTGTA CTGCTGATGG GCTGGTCGGT AAATGCCTGG 60 

TCATTCGCCT GTAAAACCGC CAATGGTACC GCTATCCCTA TTGGCGGTGG CAGCGCCAAT 12 0 

GTTTATGTAA ACCTTGCGCC TGCCGTGAAT GTGGGGCAAA ACCTGGTCGT GGATCTTTCG 180 

ACGCAAATCT TTTGCCATAA CGATTACCCG GAAACCATTA CAGACTATGT CACACTGCAA 24 0 

CGAGGTTCGG CTTATGGCGG CGTGTTATCT AGTTTTTCCG GGACCGTAAA ATATAATGGC 300 

AGTAGCTATC CTTTCCCTAC TACCAGCGAA ACGCCGCGCG TTGTTTATAA TPCGAGAACG 360 

GATAAGCCGT GGCCGGTGGC GCTTTATTTG ACGCCTGTGA GCAGTGCGGG GGGAGTGGCG 420 

ATTAAAGCTG GCTCATTAAT TGCCGTGCTT ATTTTGCGAC AGACCAACAA CTATAACAGC 480 

GATGATTTCC AGTTTGTGTG GAATATTTAC GCCAATAATG ATCTCCTG3Y GCCCACTGGC 540 

GGCTGTGATG TTTCTGCTTG TGATGTCACC GTTACTTTGC CGGACTAC ZC TGGTTCAGTG 600 

CCGATTCCTC TTACCGTTTA TTGTGCGAAA AGCCAAAACC TGGGGTA1TA CCTCTCCGGC 660 

ACACACGCAG ATGCGGGCAA CTCGATTTTC ACCAATACCG CGTCGTTTTC ACCTGCACAG 720 

GGCGTCGGCG TACAGTTGAC GCGCAACGGT ACGATTATTC CAGCG^TAA CACGGTATCG 780 

TOAGGAGCAG TAGGGACTTC GGCGGTAAGT CTGGGATTAA CGGCAAATTA CGCACGTACC 840 

GGAGGGCAGG TGACTGCAGG GAATGTGCAA TCGATTATTG GCGTGACTTT TGTTTATCAA 900 

(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : DNA (genomic) 
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(xl) SBQOBKCB DESCRIPTION: SKQ ID KO:SS : 
GATCTOTTGA AGTTCOGGGT TCQAXflGTCA GAAAAAAGCT G 
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CLAIMS 

l. A method of targeting a bacterial adhesin to a specific 
location, comprising (i) identifying in said location adhes- 
in- interacting receptor moiety which is recognizable by 
bacterial adhesins, . (ii) isolating a bacterial cell that 
grows in said location and expresses an adhesin recognizing 
and interacting with said receptor moiety, and administering 
to the location the bacterial cell or the adhesin under 
conditions where the adhesin and the receptor moiety are 
brought into interacting contact whereby the adhesin is 
associated with the receptor moiety. 



2. A method according to claim i wherein the receptor moiety 
is selected from the group consisting of a glycolipid, a 
glycoprotein, a protein, a polypeptide, a saccharide moiety 

15 and a peptide. 

3. A method according to claim i wherein the isolated bacte- 
rial cell expresses an adhesin having modified receptor 
moiety-binling properties relative to an adhesin natively 
expressed iy the cell, the isolation of the cell comprising 
identifying in a parent bacterial cell, DNA sequence (s) 
coding for the binding domain (s) of said natively expressed 
adhesin and substituting at least one codon herein, whereby a 
modified adhesin molecule is expressed that is different in 
at least one amino acid from the adhesin expressed natively, 
and selecting a the bacterial cell expressing the modified ' 
adhesin having an altered adhesion phenotype relative to the 
natively expressed bacterial adhesin. 

4. A method according to claim l wherein the bacterial cell 
expressing an adhesin that recognizes and binds to the 
receptor moiety is a recombinant bacterial cell derived from 
a parent bacterial cell that does not produce an adhesin 
binding to said receptor, by inserting into the parent cell a 
DNA sequence coding for an adhesin binding to the receptor 



WO 95/20657 PCT/DK95/00042 

127 

moiety, and selecting a bacterial cell expressing the DNA 
sequence . 

5. A method according to claim 1 wherein a non- adhesin corn- 
pound is associated with the adhe sin , whereby said compound 
5 is targeted with the adhesin to the location comprising the 
receptor moiety recognizable by the adhesin. 

.'■ * 6. A method according to claim 5 wherein the compound is 
covalently bound to the adhesin. 

7. A method according to claim 6 wherein the compound is part 
10 of a fusion protein comprising the adhesin, the; compound 

being , selected from the group consisting of an enzyme, an 
antibody, an epitope and a toxin. 

8. A method according to claim 5 wherein the compound is one 
associated with the adhesin by a non-covalent binding. 

15 9 . A method according to claim 8 wherein the compound is 
selected from the group consisting of a pharmacologically 
active, a diagnostically active and an imaging compound., 

10. A method according to claim 1 wherein the specific loca- 
tion is a human or animal surface. 



20 11. A method according to claim 1 wherein the specific loca- 
tion is a plant surface. 

12. A method according to claim 1 wherein the bacterial cell 
expresses a recombinant bacterial adhesin variant derived 
from a naturally occurring parent adhesin, said recombinant 
25 bacterial adhesin variant having altered binding properties 
relative to the naturally occurring adhesin from which it is 
derived, the altered binding properties including binding to 
at least one receptor moiety to which the parent adhesin does 
not bind. 
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13. A method according to claim 12 wherein the adhesin vari- 
ant is derived from a naturally occurring adhesin isolated 
from a cell structure selected from the group consisting of a 
capsule, a lipopolysaccharide layer, an outer membrane pro- 

5 teih, a flagellum, a pilus, a fimbria, a non-fimbrial adhesin 
(NFA) and an af imbrial adhesin (AFA) . 

14. A method according to claim 12 or 13 wherein the adhesin 
variant is a protein having an amino acid sequence differing 
in at least one amino acid residue from its parent protein 

10 adhesin. . 

15. A method according to claim 14 wherein the adhesin vari- 
ant is a FimH adhesin having an amino acid sequence which 
differs from the E. coli PC31 FimH adhesin as defined in 
Table 1 herein in at least one amino acid. 

15 16. A method according to claim 15 wherein the FimH adhesin 
is one binding to a receptor .selected from the group consist- 
ing of a domain where mannosyl residues are not terminal and 
a domain devoid of saccharide. 

17. A method according to claim 15 wherein the adhesin vari- 
20 ant is a chimeric adhesin comprising amino acid sequences 

from different FimH adhes ins. 

18. A method according to claim 15 wherein the FimH adhesin 
has an amino acid sequence which is selected from the group 
consisting of sequences appearing in Fig. 5 herein with 

25 designations CI&12, CI#4 # CI#7 or CSH-50. 

19. A method according to claim 15 wherein the adhesin is one 
which, when tested for binding to yeast mannan (Mn} , human 
plasma fibronectin (Fn) , periodate treated Fn and the syn- 
thetic peptide FnSpl comprising the first 30 amino acids of 

30 Fn, only binds to Mn (M class). 
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20. A method according to claim 15 wherein the adhesin is one 
which, when tested for binding to yeast mannan (Mn) , human 
plasma t ibronectin (Fn) , periodate treated Fn and the syn- 
thetic peptide FnSpl comprising the first 30 amino acids of 

5 Fn, binds to Mn and Fn (MF class) . 

21. A method according to claim 15 wherein the adhesin is one 
which, when tested for binding to yeast mannan (Mn) , human 
plasma f ibronectin (Fri) , periodate treated Fn and the syn- 
thetic peptide FnSpl comprising the first 30 amino acid 

10 residues of Fn, binds to all of these (MFP class) . 

22. A method according to claim 15 wherein the adhesin is one 
which, when tested for binding to five Fn- fragments obtained 
by thermolysin treatment, only binds to the 40-kDa gelatin- 
binding fragment. ' 

15 23. A method according to claim 22 wherein the adhesin is one 

which, when tested for binding to five Fn- fragments obtained 
by- -thermolysin treatment, binds to all five fragments. 

24. A method according to claim 15 wherein the adhesin is at 
least 90% homologous to the PC31 FimH adhesin. 

20 25. A method according to claim 15 wherein the adhesin is a 
chimeric adhesin comprising amino acid sequences from differ- 
ent FimH adhesins. 

26. A method according to claim 15 comprising an amino acid 
sequence which differs from the E. coli PC31 FimH adhesin by 

25 at least one amino acid occurring between residues 27 and 119 
of the mature FimH sequence. 

27. A method according to claim 15 wherein the adhesin binds 
to a receptor moiety selected from the group consisting of a 
human receptor moiety, an animal receptor moiety, a plant 

30 receptor moiety and an inanimate, non-biological receptor 
moiety. 



m 
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28. A method according to claim 1 wherein the bacterial cell 
being targeted is a cell comprising a gene coding for a gene 
product which, when expressed has a killing or cell function- 
limiting effect in said cell, the expression of said gene 

5 coding for the cell killing or cell' function- limiting gene . 
product being regulated in such a manner that the bacterial 
cell when targeted will be killed or limited in its function 
in a pre -determined manner. 

29 . A recombinant or mutant bacterial adhesin variant derived 
10 from a naturally occurring parent adhesin, said adhesin 

variant having altered binding properties relative to the 
naturally occurring adhesin from which it is derived, the 
altered binding properties including binding to at least one 
receptor to which the parent adhesin does not bind. * 
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30. An adhesin variant according to claim 29 which is derived 
from a naturally occurring adhesin isolated from a cell 
structure selected from the group consisting of a capsule, a 
lipopolysaccharide layer, an outer membrane protein, a 
flagellum, a pilus, a fimbria, a -non- f imbrial adhesin (NFA) 
and an af imbrial adhesin (AFA) . 

31.. An adhesin variant according to claim 29 or 30 which is a 
protein, having an amino acid sequence differing by at least 
one amino acid residue from its parent protein adhesin. 

32. An adhesin variant according to claim 29 which is a FimH 
mannose- sensitive adhesin having an amino acid sequence which 
differs from the E. coll PC31 FimH adhesin as defined in 
Table 1 herein by at least one amino acid, said FimH adhesin 
binding to a receptor selected from the group consisting of a 
domain where mannosyl residues are hot terminal and a domain 
devoid of saccharide. 

33. An adhesin variant according to claim 32 which is at 
least 90% homologous to the PC31 FimH adhesin. 
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ing the first 30 amino acids of Fn, only binds to Mn (M class) 

42 . An adhesin according to claim 38 which when tested for 
binding to yeast mannan (Ma) , human plasma fibronectin (Fn) , 
periodate treated Fn and the synthetic peptide FnSpl compris- 
ing the first 30 amino acids of Fn, binds to Mn and Fn (MF 
class) . . 

43. An adhesin according to claim 3 3 which when tested for 
binding to yeast mannan (Mn) , human plasma fibronectin (Fn) 
periodate treated Fn and the synthetic peptide FnSpl compris- 
ing the first 30 amino acid residues of Fn, binds to. all of 
these (MFP class) . 

44. An adhesin according to claim 38 which when tested for 
binding to five Fn- fragments obtained by thermolys in treat- 
ment, only binds to the 40-kDa gelatin -binding fragment. 

45. An adhesin according to claim 38 which when tested for 
....... binding to five Fn- fragments obtained by thermolysin treat- 
ment, binds to all five fragments. 

46. An adhesin according to claim 38 which is at least 90% 
homologous to the PC31 FimH adhesin. 

20 47. An adhesin according to claim 38 which is a chimeric 
adhesin comprising amino acid sequences from different FimH 
adhesins. 

48. An adhesin according to claim 38 comprising an- amino acid 
sequence which differs from the E. coli PC31 FimH adhesin by 

25 at least one amino acid occurring between residues 27 and 119 
of the mature FimH sequence. 

49. An adhesin according to claim 48 which binds to a 
receptor moiety selected from the group consisting of a human 
receptor moiety, an animal receptor moiety and a plant 

30 receptor moiety. 
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50. A recombinant replicon comprising a DNA sequence selected 
from the group consisting of a sequence coding for a recombi- 
nant bacterial adhesin as defined in claim 29 and a sequence 
coding for a FimH adhesin as defined in claim 38. 

51 A recombinant replicon according to claim 50 wherein the 
DNA sequence codes for a FimH' adhesin having an amino acid ' 
sequence which differs from the E. coli PC31 FimH adhesin by 
at least one amino acid. 

52. A replicon according to claim 52 in which the DNA 
sequence is at least 90% homologous to the PC31 fimH gene. 

53. A replicon according to claim 50 in which the DNA 
sequence is a chimeric fimH gene comprising DNA from differ- 
ent fimH genes. 

54. A replicon according to claim 50 in which the DNA 
sequence comprises a DNA sequence which differs from the E. 
col,. PC31 fi^H gene- by at least one codon between the codons 
coding for amino acid residues 27 and 119 of the mature FimH 
sequence. 

55. A replicon according to claim 50_in_which the DNA 

20 sequence comprises a further DNA sequence coding for a ' 
heterologous polypeptide. 

56. A replicon according to claia, SS wherein the polypeptide 
« selected tro. a group consisting of an epitope, af enzyo.e, 
a toxxc gene product and an antibody. 
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57. A replicon according to claim 55 wherein the further DNA 
sequence codes for a gene product which is selected from a 
pesticidally active gene product and a pollutant -degrading 
gene product. 9 

58. A replicon according to claim 50 wherein the DNA sequence 
is isolated from an Enterobacterial species. 
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59. A fusion protein comprising an adhesin selected from the 
group consisting of a recombinant bacterial adhesin variant 
as defined in claim 29 and a PimH adhesin as defined in claim 
38, and a heterologous polypeptide. 

5 60. A fusion protein according to claim 59 wherein the 
heterologous polypeptide is selected from an epitope, an 
enzyme, a toxic gene product and an antibody. 

61. A fusion protein according to claim 59 which carries a 
non-covalently bound compound. 
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62. A bacterial cell which expresses an adhesin selected from 
the group consisting of a recombinant bacterial adhesin 
variant as defined in claim 29 and a FimH adhesin as defined 
in claim 38. 

63 . A recombinant bacterial cell according to claim 62 which 
comprises a recombinant replicon as defined in claim 50. 

64. A bacterial cell according to claim 62 which is selected 
from Snterobacteriaceae, Pseudomonadacsse, Vibrionaceae and 
Baccilaceae. 

65. A bacterial cell according to claim 62 which further 
expresses a gene product selected from the group consisting 
of a pesticidally active compound, an immunologically active 
gene product and a pollutant -degrading active compound. 

66. a bacterial cell according to claim 62 in which the 
recombinant adhesin variant is expressed as a fusion protein 

25 comprising the adhesin variant and a further polypeptide. 

67. A bacterial cell according to claim 62 which further 
comprises a gene coding for a gene product wnich, when 
expressed has a killing or cell function- limiting effect in 
said cell, the expression of said gene coding for the cell 
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killing or cell f tine t ion -limiting gene product being regu- 
lated in such a manner that the bacterial cell- when targeted 
to receptor in a specific location will be killed or limited 
in its function in a pre -determined manner. 

• 68. A method of isolating a bacterial cell expressing an 
adhesin having modified binding properties relative to a 
natively expressed adhesin, comprising identifying in the 
bacterial cell DNA sequence (s) coding for the binding 
domain (s) of said natively expressed adhesin and substituting 
at least one codon herein, whereby a modified adhesin mole- 
cule is expressed that is different in at least one amino 
acid from the adhesin expressed natively, and selecting a 
bacterial cell expressing the modified adhesin having an 
altered adhesion phenotype relative the natively expressed 
15 bacterial adhesin. 

69. A method according to claim 68 wherein a non-adhesin 
compound is associated with the adhesin. 

70. A method according to claim 69 wherein the non-adhesin 
compound is. associated with the adhesin by being expressed 
with the adhesin as part of a fusion protein comprising, the 
adhesin. 
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. I i /..A m l t k?i..*CTOrding,.-to claini._68 which_in a -further- -step 

comprises binding non- covalently a compound to the' adhesin 
when expressed. 

25 72 . A method according to claim 68 wherein the natively 
expressed adhesin is a FimH adhesin. 

73. A method according to claim 68 wherein' the codon(s) 
is/are substituted by mutagenization. 
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74. A method, of preparing a . recombinant bacterial cell that 
binds to a specific receptor moiety, comprising introducing 
into a bacterium that does not produce an adhesin binding to 



5 



WO 95/20657 PCT/DK95/00042 

136 

said Receptor moiety, a DNA sequence coding for an adhesin 
binding to the receptor moiety, and selecting a bacterial 
cell expressing the DMA sequence. 

75 . A method according to claim 74 wherein the DNA sequence 
coding for an adhesin binding to the receptor moiety is a 
sequence coding for a FimH adhesin. 

76. A method according to claim 74 wherein the DNA is intro- 
duced by transforming the bacterial cell with a recombinant 
replicon as defined in claim 50. 

10 77. A method according to claim 74 wherein a non-adhesin 
compound is associated with the adhesin. 

78. A method according to claim 77 wherein the non-adhesin ' 
compound is associated with the adhesin by being expressed 
with the adhesin as part of a fusion protein comprising the 

15 adhesin. 

79. A method according to claim 74 which in a further step 
comprises binding non-covalently a compound' to the adhesin 
when expressed. 
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80. A method of providing a mutant bacterial cell having 
fimbriae which binds to a moiety to which the wild- type cell 
from which the mutant cell is derived does not bind, compris- 
ing contacting a population of said wild- type cell with said 
moiety, removing the contacted cells which do not bind to the 
moiety, cultivating cells binding to the moiety to obtain a 
culture which is enriched with regard to cells binding to the 
moiety and selecting from said culture a mutant cell binding 
to said moiety. 



81. A method according to claim 80 wherein the moiety with 
which the wild- type cell population is contacted, is a 
30 casein. 
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82. A method of Isolating a compound from a solution or 

c2Tl ±0a C r ainiD9 COTPOUnd ' thS ™ th ° d -Rising 
contacting the solution or the -suspension with a fusion 

protein according to claim 59 wherein the heterologous 

polypeptide has an affinity to the compound to be .isolated. 

83 A composition comprising a population of a bacterial cell 
as defined in claim 62. 
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